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(54) Abstract Title 

Forming • casing wliila simultMiooutly driHbifl b wellbore 

(57) An apparatus 3500 is positioned within a preexisting 
section of wellbore 3575 having casing 3590. A new 
section of welibore is drilled by a bit 3535 which Is driven 
by a noud motor 3530 actuated by fluid pumped via 
passages 3540,3545, pressure chamber 3550 and passage 
3555. At some point during the operation of the mud 
motor, the pressure drop across the motor will create 
sufficient back pressure to cause the operating pressure 
within the chamber 3550 to elevate to the pressure 
necessary to extrude tubular member 3525 off of mandrel 
3510. As the tubular member is extruded off of the 
mandrel . the weight of the extruded portion Is transferred 
to and supported by the drill bit At some point a sufficient 
portion of the weight of the tubular member Is transferred 
to the drill bit to stop the extrusion process due to the 
opposing force. Continued drilling eventually transfers a 
sufficient portion of the weight of the extruded portion 
back to the mandrel 3510. At this point the extrusion of 
the tubular member off of the mandrel continues. In this 
manner, support member 3505 never has to be moved. 
Once the lining of the new section of wellbore by the 
expanded tubular member 3525 Is completed, the support 
member 3505 and mandrel 3510 are removed from the 
wellbore. 
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FORMING A WELLBORE CASING WHILE SIMULTANEOUSLY 
DRILLING A WELLBORE 

BacKgroimd of the Invention 
This invention relates generally to wellborc casings, and in particular to 
weUbore casings that are formed using expandable tubing. 

Conventionally, when a wcUbore is created, a niunber of casings are 

5 installed in the borehole to prevent coUapse of the borehole waU and to prevent 
undesired outflow of drilling fluid into the formation or inflow of fluid from the 
formation into the borehole. The borehole is drilled in intervals whereby a caang 
which is to be installed in a lower borehole interval is lowered through a previously 
installed casing ofanuppCT borehole interval. As a consequence of this procedure 

10 the casing ofthe lower interval is ofsmaller diameter than the casing of the upper 
interval. Thus, the casings are in a nested arrangement with casing diameters 
decreasing in downward direction. Cement annuli are provided between the outer 
surfaces of the casings and the borehole wall to seal the casings from the borehole 
wall. As a consequence of this nested arrangement a relatively large borehole 

15 diameter is required at the upper part of the wellbore. Such a large borehole 
diameter involves increased costs due to heavy easing handling equipment, large 
drill bite and increased volumes of drilling fluid and drill cuttings. Moreover, 
increased drilling rig time is involved due to required cement pumping, cement 
hardening, required equipment dianges due to large variations in hole diameters 

20 drilled in the course of the well, and the large volume of cuttings drilled and 
removed* 

Conventionally, at the sur&ce end ofthe wellbore, a wellhead is formed that 
typically includes a surface casing, a number of production and/or drilling spools, 
valving, and a Christmas tree. TVpicaUy the wellhead further includes a concentric 
25 arrangement of casings including a production caang and one or more 
intermediate casings. The casings are typically supported using load bearing slips 
positioned above the ground. The conventional design and construction of 
wellheads is e]q)en5ive and complex. 
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Conventionally, a wellbore casing cannot be formed during the drilling of 
a weUbore. Typically, the wcUbore is drilled and then a wellbore casing is formed 
in the newly drilled section of the wellbore. This delays the completion of a well. 
The present invention is directed to overcoming one or more of the 
5 limitations of the ejdsting procedures for forming wellbores and wellheads. 

Summary of the Invention 
According to one aspect of the present invention, a method of forming a 
wellbore casing is provided that includes installing a tubular liner and a mandrel 
in the borehole, iiyecting fluidic material into the borehole, and radially expanding 
10 the liner in the borehole by extruding the Uner off of the mandrel. 

According to another aspect of the present invention, a method of forming 
a wellbore casing is provided that includes drilling out a new section of the 
borehole a4jacent to the aheady existingcasing. A tubular liner and a mandrel are 
then placed into the new section of the borehole with the tubular liner overlapping 
15 an already existing casing. A hardenable fiuidic sealing material is iiyected into 
an annular region between the tubuhir Bner and the new section of the borehole. 
The annular region between the tubular liner and the new section of the borehole 
is then fluididy isolated from an interior region of the tubular liner below the 
mandrel. A non hardenable fluidic material is then injected into the interior 
20 region of the tubular liner below the mandrel The tubular liner is extruded off of 
the mandrel. The overlap between the tubular liner and the akeady existing 
casing is sealed. The tubular liner is supported by overlap with the akeady 
existingcasing. The mandrel is Pemovod from the borehole. The mtegrity of the 
seal of the overlap between the tubular hner and the ahready existing casing is 
25 tested. At least a portion of the second quantity of the hardenable fluidic sealing 
material isremovedfromtheinteriorofthetubularliner. The remaining portions 
of the fluidic hardenable fluidic sealing material are cured. At least a portion of 
cured fluidic hardenable seaUng material within the tububir liner is removed. 

According to another aspect of the present invention, an apparatus for 
30 expanding a tubular member is provided that inchides a support member, a 
mandrel, a tubular member, and a shoe. The support member includes a first fluid 
passage. The mandrel is coupled to the support member and includes a second 
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flxiid passage. The tubular member is coupled to the mandrel. The shoe is coupled 
to the tubular liner and includes a third fluid passage. The first, second and third 
fluid passages are operably coupled. 

According to another aspect of the present invention, an apparatus for 
5 expanding a tubular member is provided that includes a support member, an 
expandable mandrel, a tubular member, a shoe, and at least one sealing member. 
The support member includes a first fluid passage, a second fluid passage, and a 
flow control valve coupled to the first and second fluid passages. The expandable 
mandrel is coupled to the support member and includes a third fluid passage. The 

10 tubular member is coupled to the mandrel and includes one or more sealing 
elements. The shoe is coupled to the tubular member and includes a fourth fluid 
passage. The at least one sealing member is adapted to prevent the entiy of 
foreign material into an interior region of the tubular member. 

According to another aspect of the present invention, a method of joining 

15 a second tubular member to a first tubular member, the first tubular member 
having an inner diameter greater than an outer diameter of the second tubular 
member, is provided that includes positioning a mandrel within an interior region 
of the second tubular member. A portion of an interior region of the second 
tubular member is pressurized and the second tubular member is extruded off of 

20 the mandrel into engagement vrith the first tubular member. 

According to another aspect of the present invention, a tubular liner is 
provided that includes an annular member having one or more sealing members 
at an end portion of the annular member, and one or more pressure relief passages 
at an end portion of the annular member. 

25 According to another aspect of the present invention, a weUbore casing is 

provided that includes a tubular liner and an annular body of a cured fluidic 
sealing material. The tubular liner is formed by the process of extruding the 
tubular liner off of a mandrel. 

According to another aspect of the present invention, a tie-back liner for 

30 lining an existing wellbore casing is provided that includes a tubular liner and an 
annular body of cured fluidic sealing material. The tubular liner is formed by the 
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process of extrading the tubular liner off of a mandrel. The annular body of a 

cured fluidic sealing material is coupled to the tubular liner. 

According to another aspect of the present invention, an apparatus for 

expanding a tubular member is provided that includes a support member, a 
5 mandrel, a tubular member and a shoe. The support member includes a Hrstnuid 

passage. The mandrel is coupled to the support member. The mandrel includes 

a second fluid passage operably coupled to the first fluid passage, an interior 

portion, and an exterior portion. The interior portion of the mandrel is drillable. 

The tubular member is coupled to the mandrel The shoeia coupled to the tubular 
10 member. The shoe includes a third fluid passage operably coupled to the second 

fluid passage, an interior portion, and an exterior portion. The interior portion of 

the shoe is drillable. 

According to another aspect of the presort invention, a wellhead is provided 
that includes an outer casing and a pluraUty of concentric inner casingB coupled 
15 to the outer casing. Each inner casing is supported by contact pressure between 

an outer surface of the inner casing and an inner surCace of the outer casing. 

According to another aspect of the presentinvention.awellhead is provided 

that inchide an outer casing at least partially positioned within a wellbore and a 
pluraKty of substantially concentric inner casings coupled to the interior surface 
20 of the outer casing. One or more of the inner casings are coupled to the outer 
casing by expanding one or more of the inner casings into contact with at least a 
portion of the interior surfece of the outer casing. 

Acconiing to another aspect of the present invention, a method of forming 
a weUhead Is provided that includes drilling a weUbore. An outer casing is 
25 positioned at least partially within an upper portion of the weUbore. A first 
tubular member is positioned within the outer casing. At least a portion of the 
first tubular member is expanded into contact with an interior surface of the outer 
casing. A second tubular member is positioned within the outer casing and the 
first tubular member. At least a portion of the second tubular member is expanded 
30 into contact with an interior portion of the outer casing. 

According to another aspect of the present invention, an apparatus is 
provided that includes an outer tubular member, and a ph»raUty of substantially 
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concentric and overlapping inner tubular members coupled to the outer tubular 
member. Each inner tubular member is supported by contact pressure between 
an outer surface of the iimer casing and an inner surface of the outer inner tubular 
member. 

5 According to another aspect of the present invention, an apparatus is 

provided that includes an outer tubular member, and a plurality of substantially 
concentric inner tubular members coupled to the interior surface of the outer 
tubular member by the process of expanding one or more of the inner tubular 
members into contact with at least a portion of the interior surface of the outer 

10 tubular member. 

According to another aspect of the present invention, a wellbore casing is 
provided that includes a first tubular member, and a second tubular member 
coupled to the first tubular member in an overlapping relationship. The inner 
diameter of the first tubxilar member is substantially equal to the inner diameter 

15 ofthe second tubular member. 

According to another aspect of the present invention, a wellbore casing is 
provided that includes a tubular member including at least one thin wall section 
and a thick wall section, and a compressible ann^iUtr member coupled to each thm 
wall section. 

20 According to another aspect of the present invention, a method of creating 

a casing in a borehole located in a subterranean formation is provided that 
includes supporting a tubular liner and a mandrel in the borehole using a support 
member. A fluidic material is ii\jected into the borehole. An interior region ofthe 
mandrel is pressurized. A portion of the mandrel is displaced relative to the 

25 support member. The tubular liner is expanded. 

According to another aspect of the present invention, a wellbore casing is 
provided that includes a first tubular member having a first inside diameter, and 
a second tubular member having a second inside diameter substantiality equal to 
the first inside diameter coupled to the first tubular member in an overlapping 

30 relationship. The first and second tubular members are coupled by the process of 
deforming a portion ofthe second tubular member into contact with a portion of 
the first tubular member 
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According to another aspect of the present invention, an apparatus for 
expandinga tubular member is provided that includes a support member including 
a fluid passage, a mandrel movably coupled to the support member including an 
expansion cone, at least one pressure chamber defined by and positioned between 
5 the support member and mandrel fluididy coupled to the first fluid passage, and 
one or more releasable supports coupled to the support member adapted to support 
the tubular member. 

According to another aspect of the present invention, an apparatus is 
provided that includes one or more solid tubular members, each sohd tubular 
10 member including one or more external seals, one or more slotted tubular 
members coupled to the solid tubular members, and a shoe coupled to one of the 
slotted tubular members. 

According to another aspect of the present invention, a method of joining 
a second tubular member to a first tubular member, the first tubular member 
15 having an inner diameter greater than an outer diameter of the second tubular 
member is provided that inchxdes positioning a mandrel withiii an interior region 
of the second tubular member. A portion of the interior region of the mandrel is 
pressurized. The xnandrel is displaced relative to the second tubular member. At 
least a portion of the second tubular member is extruded off of the mandrel into 
20 engagement with the first tubular member. 

According to another aspect of the present invention, an apparatus is 
provided that inchides one or more primaiy soUd tubuhirs, each primary sohd 
tubular including one or more external annular seals* n slotted tubulars coupled 
to the primazy solid tubulars, n-1 intermediate solid tubulars coupled to and 
25 interleavedamongtheslottedtubular8,eachintermediatc8oUdtubularm^ 

one or more external annular seals, and a shoe coupled to one of the slotted 
tubulars. 

According to another aspect of the present invention, a method of isolating 
a first subterranean zone from a second subterranean zone in a wellbore is 
30 provided that includes portioning one or more primaiy soUd tubulars within the 
wellbore, the primary soUd tubulars traverang the first subterranean zone. One 
or more slotted tubulars are also positioned within the wellbore, the slotted 
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tubulars traversmg the second subterranean zone. The slotted tubulars and the 
solid tubulars are fluidicly coupled. The passage of fluids from the first 
subterranean zone to the second subterranean zone within the wellbore external 
to the sohd and slotted tubulars is prevented. 
5 According to another aspect of the present invention, a method of extracting 

materials from a producing subterranean zone in a vrellbore, at least a portion of 
the wellbore including a casing, is provided that includes positioning one or more 
primary solid tubulars within the wellbore. The primary solid tubtilars with the 
casing are flmdicly coupled. One or more slotted tubulars are positioned within 

10 the wellbore, the slotted tubulars traversing the producing subterranean zone. 
The slotted tubulars are fluidicly coupled with the solid tubulars. The producing 
subterranean zone is flmdicly isolated from at least one other subterranean zone 
within the wellbore. At least one of the slotted tubulars is fluidicly isolated from 
the producing subterranean zone. 

1 5 According to another aspect of the present invention, a method of creating 

a casing in a borehole while also drilling the borehole is also provided that includes 
installing a tubxilar liner, a mandrel, and a drilling assembly in the borehole. A 
fluidic material is injected within the tubular liner, mandrel and drilling assembly . 
At least a portion of the tubular liner is radially expanded while the borehole is 

20 drilled using the drilling assembly. In a preferred embodiment, the injecting 
includes injecting the fluidic material within an expandible chamber. 

According to another aspect of the present invention, an apparatus is also 
provided that includes a support member, the support member including a first 
fluid passage; a mandrel coupled to the support member, the mandrel including: 

25 a second fluid passage; a tub\ilar member coupled to the mandrel; and a shoe 
coupled to the tubular liner, the shoe including a third fluid passage; and a drilling 
assembly coupled to the shoe; wherein the first, second and third fluid passages 
and the drilling assembly are operably coupled. 

According to another aspect of the present invention, a method of forming 

30 an undergroxmd pipeline within an underground tunnel including at least a first 
tubular member and a second tubular member, the first tubular member having 
an inner diameter greater than an outer diameter of the second tubular member. 
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is also provided that indudes positioning the first tubular member within the 
tunnel; positioning the second tubular member within the tunnel in an 
ovcrlappingrelationship with the first tubular member, positioninga mandrel and 
a drilling assembly within an interior region of the second tubular member, 
5 injecting a Quidic material within the mandrel, drilling assembly and the second 
tubular member; extruding at least a porUon of the second tubular member off of 
the mandrel into engagement with the first tubular member; and drilling the 
tunnel. 

According to another aspect of the present invention, an apparatus is also 
10 provided that indudes a wellbore, the weBborc formed by the process of drilling 
the wellbore; and a tubular liner positioned within the wellbore, the tubular liner 
formed by the process of extruding the tubular liner off of a mandrel while drilling 
the wellbore. In a preferred embodiment, the tubular liner is formed by the 
process of: placing the tubular liner and mandrel within the wellbore; and 
15 pressurizing an interior portion of the tubular liner. 

According to another a^t of the jwesent invention, a method of forming 
a wellbore casmg in a wellbore is also provided that includes drilling out the 
wellbore while forming the wellbore casing. 

Brief Description of the Drawings 
20 FIG. lisafragmentaiy cross-sectional viewillustratingthedrillingof anew 

section of a well borehole. 

FIG. 2 is a fragmentaiy cross-sectional view illustrating the placement of an 
embodiment of an apparatus for creating a casing witiiin the new section of the 
well borehole. 

25 FIG. 3 is a fragmentaiy cross-sectional view iUustrating the iiqection of a 

first quantity of a fiuidic material into the new section of the weU borehole. 

FIG.Sais another ftagmaitaiy cross-sectional view ilhistrating the iiyection 

of a first quantity of a bardenable fluidic sealing material into the new section of 
the well borehole. 

30 FIG. 4 is a fragmentaiy cross-sectional view iUustrating the iiqection of a 

second quantity of a fluidic material into the new section of the well borehole. 
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FIG. 5 is a fragmentary cross-sectional view illustrating the drilling out of 
a portion of the cured hardenable fluidic sealing material from the new section of 
the well borehole. 

FIG. 6 is a cross-sectional view of an embodiment of the overlapping joint 
5 between adjacent tubular members. 

FIG. 7 is a fragmentary cross<sectional view of a preferred embodiment of 
the apparatus for creating a casing within a well borehole. 

FIG. 8 Is a fragmentary cross-sectional illustration of the placement of an 
expanded tubular member within another tubular member. 
10 FIG. 9 is a cross-sectional illustration of a preferred embodiment of an 

apparatus for forming a casing including a drillable mandrel and shoe. 

FIG. 9a is another cross-sectional illustration of the apparatus of FIG. 9. 
FIG. 9b is another cross-sectional iUustxation of the i^iparatus of FIG. 9. 
FIG. 9c is another cross-sectional illustration of the apparatus of FIG. 9. 
15 FIG. 10a is a cross-sectional illustration of a weUbore including a pair of 

acljacent overlapping casings. 

FIG. 10b is a cross-sectional illustration of an apparatus and method for 
creating a tie-back liner using an ezpandible tubular member. 

FIG. 10c is a cross-sectional illustration of the pumping of a fluidic sealing 
20 material into the annular region between the tubular member and the existing 
casing. 

FIG. lOd is a cross-sectional illustration of the pressurizing of the interior 
of the tubular member below the mandrel. 

FIG. lOe is a cross-sectional illustration of the extrusion of the tubular 
25 member off of the mandrel. 

FIG. lOf is a cross-sectional illustration of the tie-back liner before drilling 
out the shoe and packer. 

FIG. lOg is a cross-sectional illustration of the completed tie-back liner 
created using an expandible tubular member. 
30 FIG. 1 la is a fragmentary cross-sectional view illustrating the drilling of a 

new section of a well borehole. 
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FIG, 1 lb is a fragmentary croBS-sectional view illiistrating the placement of 
an embodiment of an apparatus for hanging a tubular liner within the new section 

of the well borehole. 

FIG. 11c is a fragmentary cross-sectional view illustrating the iz^ection of 
5 a first quantity of a hardenable fluidic sealing material into the new section of the 
weU borehole. 

FIG. lid is a fragmentary cross-sectional view illustrating the introduction 
of a wiper dart into the new section of the well borehole. 

FIG. lie is a fragmentary cross-sectional view illustrating the injection of 
10 a second quantity of a hardenable fluidic scaling material mto the new section of 
the well borehole. 

FIG. llf is a fragmentary cross-sectional view ilhistr&ting the completion 

of the tubular liner. 

FIG. 12 is a cross-sectional illustration of a preferred embodiment of a 
15 wellhead ^stem utilizing expandable tubular members. 

FIG, 13 is a partial cross-sectional illustration of a preferred embodiment 
of the wellhead system of FIG. 12. 

FIG. 14a is an illustration of the formation of an embodiment of a mono- 
diameter wellbore casing. 
20 FIG. 14b is another illustration of the formation of the mono-diameter 

wellbore casing. 

FIG. 14c is another illustration of the formation of the moho-diametcr 
wellbore casing. 

FIG. 14d is another iUustration of the formation of the mono-diameter 

25 wdbore casing. 

FIG. 14e is another illustration of the formation of the mono-diameter 

welbore casing. 

FIG. 14f is another illustration of the formation of the mono-diameter 
welbore casing. 

30 FIG. 15 is an iUustration of an embodiment of an apparatus for expanding 

a tubular member. 

FIG. 15a is another illustration of the apparatus of FIG. 15. 
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FIG. 15b is another illustration of the apparatus of FIG. 15. 

FIG. 16 is an illustration of an embodiment of an apparatus for forming a 
mono-diameter wellbore casing. 

FIG. 17 is an illustration of an embodiment of an apparatus for expanding 
5 a tubular member. 

FIG. 17a is another illustration of the apparatus of FIG. 16. 

FIG. 17b is another illustration of the apparatus of FIG. 16. 

FIG. 18 is an iUustration of an embodiment of an apparatus for forming a 
mono-diameter wellbore casing. 
10 FIG. 19 is an illustration of another embodiment of an apparatus for 

expanding a tubular member. 

FIG. 19a is another illustration of the apparatus of FIG. 17. 

FIG. 19b is another illustration of the apparatus of FIG. 1 7. 

FIG. 20 is an illustration of an embodiment of an apparatus for forming a 
15 mono-diameter wellbore casing. 

FIG. 21 is an illustration of the isolation of subterranean zones using 
expandable tubulars. 

FIG. 22a is a fragmentazy cross-secdonal illustration of an embodiment of 
an apparatus for forming a wellbore casing while drilling a welbore. 
20 FIG. 22b is another fragmentaiy cross-secdonal illustration of the apparatus 

of FIG. 22a. 

FIG. 22c is another fragmentazy cross-sectional iUustration of the apparatus 
of FIG. 22a. 

FIG. 22d is another fragmentaiy cross-sectional illustration of the apparatus 
25 of FIG. 22a. 

Detailed Description of the ILustrative Embodiments 
An apparatus and method for forming a wellbore casing within a 
subterranean formation is provided. The apparatus and method permits a 
wellbore casing to be formed in a subterranean formation by placing a tubular 
30 member and a mandrel in a new section of a wellbore, and then extruding the 
tubular member off of the mandrel by pressurizing an interior portion of the 
tubular member. The apparatus and method further permits adjacent tubular 
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members in the wellbore to be joined using an overlapping joint that prevents fluid 
and or gas passage. The apparatus and method further permits a new tubular 
member to be supported by an existing tubular member by expanding the new 
tubular member into engagement with the existing tubular member. The 
5 apparatus and method further minimizes the reduction in the hole size of the 
wellbore casing necessitated by the addition of new-sections of wellbore casing. 

An apparatus and method for forming a tie-back liner using an expandable 
tubular member is also provided. The apparatus and method permits a tie-back 
liner to becreated by extnidingatubularmemberofTofamandrellv pressurizing 

10 and interior portion of the tubular member. In this manner, a tie-back liner is 
produced. Theapparatusandmethodfurtherpermitsa^jacenttubularmembers 
in the weUbore to be joined using an overlapping Joint that prevents fluid and/or 
gas passage. The apparatus and method fUrtber permits a new tubular member 
to be supported by an existing tubular member by expanding the new tubular 

15 member into engagement with the existing tubular member. 

An apparatus and method for expanding a tubular member is also provided 
that indudesanexpandabletubular member.mandrelanda shoe. Inapreferred 
embodiment, the interior portions ofthe apparatus is composed of materials that 
permitthe interior portionstoberemovedusingaconventiomddrillingapparatus. 

20 In this manner, in the event of a malfunction in a downhole region, the apparatus 

may be easily removed. 

An apparatus and method for hanging an expandable tubular liner in a 
weUbore is also provided. The apparatus and method permit a tubular liner to be 
attachedtoanexistingsectionofcasing. The apparatus and method further have 
25 application to the joiningoftubularmembersin general. 

An apparatus and method for forming a wellhead lystem is also provided- 
The apparatus and method permitawellheadtobe formed indudingannmber of 

expandable tubular members positioned in a concentric arrangement. The 
wellhead preferably indudesanoutercasmgthatsupportsaplurality of concentric 
30 casings using contact pressure between the inner casings and the outer casing. 

The resulting wellhead system eliminates many of the spools conventionally 
i«,uired,reducestheheightoftheChri8tma8trecfedKteting8ervidng,lower8the 
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load bearing areas of the wellhead resulting in a more stable system, and 
eliminates costly and expensive hanger ^sterns. 

An apparatus and method for forming a mono-diameter well casing is also 
provided. The apparatus and method permit the creation of a well casing in a 
5 wellbore having a substantially constant internal diameter. In this manner, the 
operation of an oil or gas well is greatly simplified. 

An apparatus and method for expanding tubular members is also provided. 
The apparatus and method utilize a piston-cylinder configuration in which a 
pressurized chamber is used to drive a mandrel to radially expand tubular 
10 members. In this manner, higher operatingpressurescan be utilized. Throughout 
the radial expansion process, the tubular member is never placed in direct contact 
with the operating pressures. In this manner, damage to the tubular member is 
prevented while also permitting controlled radial expansion of the tubular member 
in a wellbore. 

15 An apparatus and method for forming a mono-diameter wellbore casing is 
also provided The apparatus and method utilize a piston-cylinder configuration 
in which a pressurized chamber is used to drive a mandrel to radially expand 
tubular members. In this manner, higher operating pressures can be utilized. 
Throughput the radial expansion process, the tubular member is never placed in 

20 direct contact with theoperatingpressures. In thismanner,damage to the tubular 
member is prevented while also permitting controlled radial expansion of the 
tubular member in a wellbore. 

An apparatus and method for isolating one or more subterranean zones 
from one or more other subtOTanean zones is also provided. The apparatus and 

25 method permits a producing zone to be isolated from a nonprodudng zone using 
a combination of solid and slotted tubulars. In the production mode, the t^ffchings 
of the present disclosure may be used in combination ynth conventional, well 
known, production completion equipment and methods using a series of packers, 
solid tubing, perforated tubing, and sliding sleeves, which will be inserted into the 

30 disclosed apparatus to permit the commingling and/or isolation of the 
subt^ranean zones from each other. 
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An apparatus and method for forming a wellbore casing whUe the wellbore 
is drilled is also provided. In this manner, a wellbore casing can be formed 
simultaneous with the drilling out of a new section of the wellbore. In a preferred 
embodiment, the awwratus and method is used in combination with one or more 

5 of the apparatus and methods disclosed in the present disclosure for forming 
wellbore casings using e:^dable tubulars. Alternatively, the method and 
apparatus can be used to create a pipeline or tunnel in a time efficient mannor. 

Referring initially to Figs. 1-5, an embodiment of an apparatus and method 
for forming a wellbore casing within a subterranean formation will now be 

10 described. As illustrated in Fig. 1, a wellbore 100 is positioned in a subterranean 
formation 105. The wellbore 100 inchides an existing cased section 110 having a 
tubular casing 115 and an annular outer layer of cement 120. 

In order to extend the wellbore 100 into the mibterranean formation 105, 
a drill string 125 is used in a well known manner to drill out mat^ial from the 

15 subterranean formation 105 to form a new section 130. 

As illustrated in Fig. 2, an apparatus 200 for forming a wellbore casing in 
a subterranean formation is then positioned in the new section 130 of the wellbore 
100. The apparatus 200 preferably includes an expandable mandrel or pig 205, a 
tubular member 210, a shoe 215, a lower cup seal 220. an upper cup seal 225, a 

20 nuid passage 230. a fluid passage 235, a fluid passage 240, seals 245, and a support 
member 250. 

The expandable mandrel 205 is coupled to and supported by the support 
member 250. The expandable mandrel 205 is preferably adapted to conbuUably 
e3q>and in a radial direction. The expandable mandrel 205 may comprise any 
25 number ofconventional commercially available expandable mandrels modified in 

accordance with the teachings of the present disclosure. In a preferred 
embodiment, the expandable mandrel 205 comprises abydr«nlic expansion tool as 
disclosed in U.S. Patent No. 5,348,095, tiie contents of which are incorporated 
herein by refCTencc, modified in accordance with the teachings of the present 
30 disclosure. 

ThetubularmMnber210issupportedbytheotpandablemandrel205. The 
tubular member 210 is expanded in the radial direction and extiruded off of the 
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expandable mandrel 205. The tubular member 210 may be fabricated from any 
number of conventional commercially available materials such as, for example, 
Oilfield Countzy Tubular Goods (OCTG), 13 chromium steel tubingteasing, or 
plastic tubing/cadng. In a preferred embodiment, the tubular member 210 is 
5 fabricated from OCTG in order to maximiie strength after expansion. The inner 
and outer diameters of the tubular member 210 may range, for example, fit>m 
approximately 0.75 to 47 inches and 1.05 to 48 inches, respectively. In a preferred 
embodiment, the inner and outer diameters of the tubular member 210 range from 
about 3 to 15.5 inches and 3.5 to 16 inches, respectively in order to optimally 

10 provide minimal telescoping efTect in the most commonly drilled wellbore sizes. 
The tubular member 210 preferably comprises a solid member. 

In a preferred embodiment, the end portion 260 of the tubular member 210 
is slotted, perforated, or otherwise modified to catch or slowdown the mandrel 205 
when it completes the extrusion of tubular member 210. In a prefmed 

15 embodiment, the length of the tubtilar member 210 is limited to minimize the 
possibility of buckling. For typical tubular member 210 materials, the length of 
the tubular member 210 is preferably limited to between about 40 to 20,000 feet 
in length. 

The shoe 215 is coupled to the expandable mandrel 205 and the tubular 
20 member 210. The shoe 215 mchtdes fluid passage 240. The shoe 216 may 
comprise any number of conventional commercially available shoes such as. for 
example, Super Seal H float shoe. Super Seal U Down-Jet float siioe or a guide shoe 
MTith a sealing sleeve for a latch down plug modified in accordance with the 
teachings of the present disclosure. In a preferred embodnnent, the shoe 216 
25 wmprises an ahiminum down-jet guide shoe with a sealingaleeve for a latch-down 
plug available from Halliburton Energy Services in Dallas. TX, modified in 
accordance with the teachingsof the present disclosure, in order to optimaUty guide 
the tubular member 210 in the wellbore, optimally provide an adequate seal 
between the interior and exterior diameters of the ov^lapping joint betwem the 
30 tubular members, and to optimally allow the complete drill out of the shoe and 
plug after the completion of the cementing and expansion operations. 
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In a preferred embodiment, the shoe 215 indudes one or more throu^ and 
side outlet ports in fluidic commtinication with the flmd passage 240, In this 
manner, the shoe 2 15 optimally injects hardenable fluidic sealing material into the 
region outade the shoe 215 and tubularmember 210. In apreferred embodiment, 
5 the shoe 215 inchides the fluid passage 240 having an inlet geometzy that can 
receive a dart and/or aball sealing member. In this manner, the fluid passage 240 
can be optimally sealed offby introducing a ptag, dart and/or ball sealingelements 
into the fluid passage 230. 

The lower cup seal 220 is coupled to and supported by the support member 
10 250. The lower cup seal 220 prevents foreign materials fix>m entering the interior 
region of the tubular member 210 adjacent to the eq;)andable mandrel 205. The 
lower cup seal 220 may comprise any number of conventional commercially 
available cup seals such as, for example, TP cups, or Selective Iiqection Packer 
(SIP) cups modifled in accordance with the teachings of the present disclosure. In 
15 a preferred embodiment, the lower cup seal 220 conqnises a SIP caip seal, available 
from Halliburton Energy Services in Dallas, TX in order to optimally block foreign 
material and contain a body of hibricant 

The upper cup seal 225 is cov^Ied to and supported by the 8iq)port membo- 
250. The upper cup seal 225 prevents foreign materials frwn entering the interior 
20 region of the tubular member 210. The upper cup seal 225 may comprise any 
number of conventional commercially available cup seals such as. for example, TP 
cups or SIP cups modifled in accordance with the teachings of the present 
disclosure. In a preferred embodunent, the upper cup seal 225 comprises a SIP 
cup, available ftom Halliburton Energy Services in Dallas, TXin order to optimally 
25 block the entry of foreign materials and contain a body of lubricant 

The fluid passage 230 penmts Ihiidic matraials to be transported to and 
from the interior region of the tubular member 210below theexpandable mandrel 
205. The fluid passage 230 is coupled to and positioned within the support 
member 250 and the expandable mandrel 205. The fluid passage 230 preferably 
30 extends from a position adjacoit to the surface to the bottom of the expandable 
mandrel 205. The fluid passage 230 is preferably positioned along a centerline of 
the apparatus 200. 
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The fluid passage 230 is preferably selected, in the casing running mode of 
operation, to transport materials such as drilling mud or formation fluids at flow 
rates and pressures ranging from about 0 to 3,000 gallons/minute and 0 to 9,000 
psi in order to minimize drag on the tubular member being nm and to minimize 
5 surge pressures exerted on the weUbore which could cause a loss of wellbore fluids 
and lead to hole collapse. 

The fluid passage 235 permits fluidic materials to be released from the fluid 
passage 230. In this manner, during placement of the apparatus 200 within the 
new section 130 of the wellbore 100, fluidic materials 255 forced up the fluid 

10 passage 230 can be released into the wellbore 100 above the tubular member 210 
therebyminimizingsuisepressuresonthewellboresectionlSO. The fluid passage 
236 is coupled to and positioned within tiie support member 250. The fluid 
passage is further fluidicly coupled to the fluid passage 230. 

The fluid passage 235 prefinably includes a control valve for controUably 

16 opening and dosing the fluid passage 235. In a preferred embodiment, the control 
valve is pressure activated in order to controUably minimize surge pressures. The 
fluid passage 235 is preferably positioned substantially orthogonal to the centerline 
of the apparatus 200. 

The fluid passage 235 is preferab}y selected to convey fluidic materials at 

20 flow rates and pressures ranging from about 0 to 3,000 gallona^minute and 0 to 
9,000 psi in order to reduce the drag on the apparatus 200 during insertion into 
the new section 130 of the wellbore 100 and to minimize surge pressures on the 
new wellbore section 130. 

The fluid passage 240 permits fluidic materials to be transported to and 

25 from the i:egion exterior to the tubular member 210 and dioe 215. The fluid 
passage 240 is coupled to and positioned within the shoe 216 In fluidic 
communication with the interior r^on of the tubular member 210 below the 
expandable mandrel 205. The fluid passage 240 preferably has a ctoss-sectional 
shape that permits a plug, or other similar device, to be jdaced in fluid passage 240 

30 to thereby block further passage of fluidic materials, bi this manner, the interior 
region of the tubular member 210 below the expandable mandrel 205 can be 
fluidic^r isolated from the region exterior to the tubular member 210. This permits 
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the interior region of the tubular member 210 below the expandable mandrel 205 
to be pressurized. The fluid passage 240 is preferably positioned substantiaUy 
along the centerline of the apparatus 200. 

The fluid passage 240 is preferably selected to convey materials such as 

5 cement, drilling mud or epoxLes at flow rates and pressures ranging from about 0 
to 3,000 gallons/minute and 0 to 9,000 psi in order to optimally fill the annular 
region between the tubular member 210 and the new section 130 of the weilbore 
100 with fluidic materials. In a preferred embodiment, the fluid passage 240 
includes an inlet geometry that can receive a dart and/or a ball sealing member. 

10 In this manner, the fluid passage 240 can be sealed off by introducing a phig, dart 
and/or ball sealing elements into the fluid passage 230. 

The seals 245 are coupled to and supported by an end portion 260 of the 
tubular member 210. The seals 24S are further positioned on an outer surface 265 
of the end portion 260 of the tubular member 210. The seals 245 permit the 

15 overlapping joint between the end portion 270 of the casing 115 and the portion 
260 of the tubtilar member 210 to be fluidicly sealed. The seals 245 may comprise 
any nimiber of conventional commercially available seals such as, for example, 
lead, rubber, Teflon, or epoxy seals modified in accordance with the teachings of 
the present disclosure. In a preferred embodiment, the seals 245 are molded from 

20 Stratalock epoxy available from Halliburton Energy Services in Dallas, TX in order 
to optimally provide a load bearing interference fit between the end 260 of the 
tubular member 210 and the end 270 of the existing casing 116. 

In a preferred embodiment, the seals 245 are selected to optimally provide 
a sufficient fiictional force to support the expanded tubular member 210 from the 

25 existing casing 115. In a preferred embodiment, the fiictional force optimally 
provided by the seals 245 ranges from about 1,000 to 1,000,000 Ibf in order to 
optimally support the expanded tubular member 210. 

Thesupportmember250i8coupledtotheexpandablemandrel205, tubular 

member 210, shoe 215, and seals 220 and 225. The support member 250 preferably 
30 comprises an annular member having sufficient strength to carry the apparatus 
200 into the new section 130 of the weilbore 100. In a preferred embodiment, the 
support member 250 further includes one or more conventional centralizers (not 
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illustrated) to help stabilize the apparatus 200. In a preferred embodiment, the 
support member 250 comprises coiled tubing. 

In a preferred embodiment, a quantity of lubricant 275 is provided in the 
annular region above the expandable mandrel 205 within the interior of the 
5 tubular member 210. In this maimer, the extrusion ofthe tubular member 2 10 off 
of the expandable mandrel 205 is facilitated. The lubricant 275 may comprise any 
number of conventional commerciaUy available lubricants such as, for example, 
Lubriplate, chlorine based lubricants, oU based hibricants or Climax 1500 Antisieze 
(3100). In a preferred embodiment, the lubricant 275 comprises Climax 1500 
10 Antisieze (3100) available from Climax Lubricants and Equipment Co. in Houston, 
TX in order to optimally provide optunxmi lubrication to Csdliate the expansion 
process. 

In a preferred embodiment, the support member 250 is thoroughly cleaned 
prior to assembly to the remaining portions of the apparatus 200. In this manner, 
15 the introduction of foreign material into the apparatus 200 is minunized. This 
minimizes the possibiliiy of foreign material clogging the various flowpassages and 
valves of the apparatus 200. 

In a preferred embodiment, before or after positioning the apparatus 200 
within the new section 130 of the wellbore 100, a couple of wellbore volumes are 
20 circulated in order to ensure that no foreign materials are located within the 
wellbore 100 that mi^t dog up the various flow passages and valves of the 
apparatus 2 00 and to ensure that no foreign material interferes with the expansion 
process. 

As illustrated in Fig. 3, the fluid passage 235 is then dosed and a hardenable 
25 fluidic sealing material .305 is then pumped from a surface location into the fluid 
passage 230. The material 305 then passes from the fluid passage 230 into the 
interior region 310 of the tubular member 210 below the expandable mandrel 205. 
The material 305 then passes from the interior region 310 into the fluid passage 
240. The material 305 then exite the apparatus 200 and fills the annular region 
30 316 between the exterior of the tubular member 210 and the interior wall of the 
new section 130 of the wellbore 100. Continued pumping of the material 305 
causes the material 305 to fill up at least a portion of the annular region 315. 
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The material 306 is preferably pumped into the anniilar region 315 at 
pressures and flow rates ranging, for example, from about 0 to 5000 psi and 0 to 
1,500 gallons/min, respectively. The optimum flow rate and operating pressures 
vary as a function of the casing and wellborc sizes, wellbore section length, 

5 available pumping equipment, and fluid properties of the fluidic material being 
pumped. TheoptimumflowrateandoperatingpressureareprefiBrBblydetennined 
usiiig conventional nnpirical methods. 

The hardenable fluidic sealing material 305 may comprise any number of 
conventional commercially available hardenable fluidic sealing materials such as, 

10 for example, slag mix, cement or epoiy. In a preferred embodiment, the 
hardenable fluidic sealing material 305 comprises a blended cement prepared 
specificaUy for the particular well section being drilled firom Halliburton Energy 
Services in Dallas, TX in order to provide optimal support for tubular member 210 
while also maintainmg optimum flow characteristics so as to minimize difficulties 

15 during the displacementofcement in the annular region 315. The optimum blend 
of the blended cement is preferably determined using conventional empirical 
methods. 

The annuhir region 316 preferably is filled with the material 305 in 
sufiident quantities to ensure that, upon radial expansion of the tubutor member 
20 210, the annular region 315 ofthe new section 130 of the wellbore lOOwillbefiUed 

with material 305. 

In a particularly preferred embodiment, as illustrated in Fig; 3a, the wall 
thickness and/or the outer diameter of the tubular member 210 is reduced in the 
region adjacent to the mandrel 205 in order optimally permit placement of the 
25 apparatus 200 in positions in the wellbonB with tight clearances. Purthermore, in 
this manner, the initiation of the radial expansion of the tubular member 210 
during the extrusion process is optimally fadhtated. 

As aiustrated in Tig. 4. once the annular region 315 has been adequatety 
filled with material 305, a plug 405, or other suniLir device, is introduced into the 
30 fluid passage 240 thereby fluididy isolating the interior region 310 from the 
annular region315.Inapreferredembodiment,anon-hardenablefluidic material 

306 is then pumped into the interior region 310 causing the interior region to 
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pressurize. In this manner, the interior of the expanded tubular member 210 will 
not contain significant amounts of cured material 305. This reduces and siinplifies 
the cost of the entire process. Alternatively, the material 305 may be used during 
this phase of the process. 
5 Once the interior region 310 becomes suffidentty pressurized, the tubular 
member 210 is extruded offof the expandable mandrel 205. During the extrusion 
process, the expandable mandrel 205 may be raised out of the expanded portion of 
the tubular member 210. In a preferred embodiment, during the extrusion 
process, the mandrel 205 is raised at approximately the same rate as the tubular 

10 member 210 is expanded in order to keq> the tubular member 210 stationary 
relative to the new wellbore section 130. In an alternative preferred embodiment, 
the extrusion process is commenced with the tubular member 2 10 positioned above 
the bottom of the new wellbore section 130, keqping the mandrel 205 stationaiy, 
and allowing the tubular member 210 to extrude off of the mandrel 205 and fall 

15 down the new wellbore section 130 under the force of gravity. 

The phig 405 is preferably placed into the fluid passage 240 by intrtxhidng 
the plug 405 into the fluid passage 230 at a surface location in a conventional 
manner. The plug 405 preferably acts to fluididy isolate the hardenable fluidic 
sealing material 305 from the non hardenable fluidic material 306. 

20 The plug 405 may comprise any number of conventional commereially 

availabledevices from plugginga fluid passage such as, forexample. Multiple Stage 
Cementer (MSC) latch-down plug, Omega latch-down phig or three-wiper latch- 
down plug modified in accordance with the teadungs of the present disclosure. In 
a preferred embodiment, the plug 405 comprises a MSC latch-down plug available 

25 from Halliburton Energy Services in Dallas, TX. 

After placement of the plug 405 in the fluid passage 240. a non hardenable 
fluidic material 306 is preferably pumped into the interior i^cn 310 at pressures 
and flow rates ranging, for example, from approximately 400 to 10,000 psi and 30 
to 4,000 gallons/min. In this manner, the amount of hardenable fluidic sealing 

30 material wiUiin the interior 310 of the tubular member 210 is minimized. In a 
preferred embodiment, aft»r placement of the plug 405 in the fluid passage 240, 
the non hardenable material 306 is preferably pumped into the interior region 310 
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at pressures and flow rates ranging from approximately 500 to 9,000 psi and 40 to 
3,000 gallons/min in order to maximize the extrusion speed. 

In a preferred embodiment, the apparatus 200 is adapted to minimize 
tensile, burst, and friction effects upon the tubular member 210 during the 
6 expansion process. These effectswill depend upon the geometry of the expansion 
mandrel 205, the material compodtion of the tubular member 210 and expansion 
mandrel 205, the inner diameter of the tubular member 210, the wall thickness of 
the tubular member 210, the type of lubricant, and the yield strength of the 
tubular member 210. In general, the thicker the watt thickness, the smaUer the 
10 inner diameter, and the greater the yield strength of the tubular member 210. then 
the greater the operating pressures required to extrude the tubular member 210 
off of the mandrel 205. 

For typical tubular members 2 10, the extrusion of the tubular member 210 
off of the expandable mandrel will begin when the pressure of the interior region 
15 310 reaches, for example, approximately 500 to 9.000 psi. 

During the extrusion process, the expandable mandrel 205 may be raised 
out of the expanded portion of the tubular member 210 at rates ranging, for 
example, from about 0 to 5 ft/sec. In a preferred embodiment, during the extrusion 
process, the expandable mandrel 205 is raised out of the expanded portion of the 
20 tubular member 2 1 0 at rates ranging from about 0 to 2 ft/sec in order to minimize 
the time required for the expansion process while also permitting easy control of 
the expansion process. 

When the end portion 260 of the tubular member 210 is extruded ofifof the 
expandable mandrel 205. the outer surface 265 of the end portion 260 of the 
25 tubular member 210 will preferably contact the faterior surfece 410 of the end 
portion 270 of the casing 1 15 to form an fluid tight overlapping joint. The contact 
pressure of the overlapping joint may range, for example, from approximately 50 
to 20,000 psi. In a preferred embodiment, the contact pressure of the overbipping 
joint ranges from approximately 400 to 10,000 psi in order to provide optimum 
30 pressure to activate the annular sealing members 245 and optunaUy provide 
resistance to axial motion to accommodate typical tensile and compressive loads. 
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The overlappingjoint between the section 4 10 of the existing casing 1 15 and 
the section 265 of the expanded tubular member 2 10 preferably provides a gaseous 
and fluidic seal. In a particularly preferred embodiment, the sealing members 245 
optimally provide a fluidic and gaseous seal in the overlappingjoint 
5 In a preferred embodiment^ the operating pressure and flow rate of the non 

hardenable fluidic material 306 is oontroUably ramped down when the expandable 
mandrel 205 reaches the end portion 260 of the tubular member 210. In this 
manner, the sudden release of pressure caused by the complete extrusion of the 
tubular member 210 off of the expandable mandrel 205 can be minimized. In a 
10 preferred embodiment, the operatingpressure is reduced in a substantiaUy linear 
fashion from 100% to about 10% during the end of the extrusion process beginning 
when the mandrel 205 is within about 5 feet from completion of the extrusion 
process. 

Alternatively, or in combination, a shock absorber is provided in the support 
15 member 250 in order to absorb the shock caused by the sudden telease of pressure. 
The shock absorber may comprise, for example, any conventional oommerciaUy 
available shock absorber adapted for use in wellbore operations. 

Alternatively, or in combination, a mandrel catching structure is provided 
in the end portion 260 of the tubular member 210 in order to catch or at least 
20 decelerate the mandrel 205. 

Once the extrusion process is completed, the expandable mandrel 205 is 
removed from the wellbore 100. In a preferred embodiment, either before or after 
the removal of the expandable mandrel 205, the integrity of the fluidic seal of the 
overlappingjoint between the upper portion 260 of the tubular meniber 210 and 
25 the lower portion 270 of the casing 115 is tested using conventional methods. 

If the fluidic seal of the overlappingjoint between the Mpper portion 260 of 
the tubular member 210 and the lower portion 270 of the casing 115 is satisfactory, 
then any uncured portion of the material 305 within the expanded tubular member 
210 is then removed in a conventional manner such as, for example, circulating the 
30 uncured material out ofthe interior ofthe expanded tubular member 210. The 
mandrel 205 is then pulled out ofthe wellbore section 130 and a drill bit or mill is 
used in combination with a conventional drilling assembly 505 to drill out any 
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hardened material 305 within the tubular member 210. The material 305 within 
the annular region 315 is then allowed to cure. 

As illustrated in Fig. 5, preferably any remaining cured material 305 within 
the interior of the expanded tubular member 210 is then removed in a 

5 conventional manner using a conventional drill string 505. The resulting new 
section of casing 510 includes the expanded tubular member 210 and an outer 
annular layer 5 15 of cured material 305. The bottom portion of the apparatus 200 
comprising the shoe 215 and dart 405 may then be removed by drilling out the 
shoe 215 and dart 405 using conventional drilling methods. 

10 In a preferred embodiment, as iOustrated in Fig. 6, the upper portion 260 

of the tubiilar member 210 includes one or more sealing members 605 and one or 
more pressure relief holes 610. In this manner, the overlapping joint between the 
lower portion 270 of the casing 115 and the upper portion 260 of the tubular 
member 210 is pressure-tight and the pressure on the interior and exterior 

15 surfaces of the tubular member 210 is equali2ed during the extrusion process. 

In a preferred embodiment, the sealing members 605 are seated within 
recesses 615 formed in the outer surface 265 of the upper portion 260 of the 
tubular member 210. In an alternative preferred embodiment, the sealing 
members 605 are bonded or molded onto the outer surface 265 of the upper portion 

20 260 of the tubular member 210. The pressure relief holes 610 are preferably 
positioned m the last few feet of the tubular member 2 10. The pressure reliefholes 
reduce the operating pressures required to expand the upper portion 260 of the 
tubular member 210. This reduction in required operating pressure in turn 
reduces the velocity of the mandrel 205 upon the completion of the extrusion 

25 process. This reduction in velocity in turn ininimizes the mechanical shock to the 
entire apparatus 200 upon the completion of the extrusion process. 

Referring now to Fig. 7, a particularly preferred embodiment of an 
apparatus 700 for forming a casing within a wellbore preferably includes an 
expandable mandrel or pig 705, an expandable mandrel or pig container 710, a 

30 tubular member 715, a float shoe 720, a lower cup seal 725, an upper cup seal 730, 
a fluid passage 735, a fluid passage 740, a support member 745, abody of lubricant 
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750, an overshot connection 755, another support member 760, and a stabilizer 
765. 

The expandable mandrel 705 is coupled to and supported by the support 
member 745. The expandable mandrel 705 is further coupled to the expandable 
5 mandrel container 710. The expandable mandrel 705 is preferably adapted to 
controUably expand in a radial direction. The expandable mandrel 705 may 
comprise any number of conventional commercially available expandable mandrels 
modified in accordance with the teachings of the present disclosure. In a preferred 
embodiment, the expandable mandrel 705 comprises a hydraulic expansion tool 

10 substantially as disclosed in U.S. Pat No. 5,348,095, the contents of which are 
incorporated herein by reference, modified in accordance with the teachingsof the 
present disclosure. 

The expandable mandrel container 710 is coupled to and supported by the 
support member 745. The expandable mandrel container 710 is further coupled 

15 to the ei^andable mandrel 705. The expandable mandrel container 710 may be 
constructed from any number of conventional commercially available materials 
such as, for example, Oilfield Country Tubular Goods, stainless steel, titanium or 
high strength steels. In a preferred onbodiment, the expandsble mandrel 
container 710 is fabricated from material having a greater strength than the 

20 materialfrom which the tubular member 715 is fabricated. In this manner, the 
container 710 can be fabricated finom a tubular material having a thinner waU 
thickness than the tubular member 210. This permits the container 710 to pass 
through ti^t clearances thereby facilitating its placement within the wellbore. 
In a preferred embodiment, once the expansion process begins, and the 

25 thicker, lower strength material of the tubular member 716 is expanded, the 
outside diameter of the tubular member 715 is greater than the outside diameter 
of the container 710. 

The tubular member 715 is coupled to and supported by the expandable 
mandrel 705. The tubular member 715 is preferably expanded in the radial 

30 direction and extruded off of the expandable mandrel 705 substantially as 
described above with reference to Figs. 1-6. The tubular member 715 may be 
fabricated from any number of materials such as. for example, Oilfield Country 



-25- 



J791.I1 

Tubular Goods (OCTG), automotive grade steel or plastica In a preferred 
embodiment, the tubular member 715 is fabricated from OCTG. 

In a preferred embodiment, the tubular member 715 has a substantially 
annxilar cross-section. In a particularly preferred embodiment, the tubular 

5 member 715 has a substantiaUy drcular annular cross-section. 

The tubular member 715 preferably includes an iqiper section 805, an 
intermediate section 810, and a lower section 815. The upper section 805 of the 
tubular member 715 preferably is defined by the region beginning in the vicinity 
of the mandrel container 710 and ending with the top section 820 of the tubular 

10 member 716. The intermediate section 810 of the tubular member 716 is 
preferably defmed by the region beginning in the vicinity of the top of the mandrel 
container 710 and ending with the region in the vidnily of the mandrel 705. The 
lower section of the tubular member 716 is preferabbr defined by the region 
beginning in the vicinity of the mandrel 705 and ending at the bottom 825 of the 

15 tubular member 715, 

In a preferred embodiment, the wall thickness of the upper section 805 of 
the tubular member 715 is greater than the wall thicknesses of the intermediate 
and lower sections 810 and 815 of the tubular member 715 in order to optimally 
faciliate the initiation of the extrusion process and optimally permit the apparatus 

20 700 to be positioned in locations in the wellbore having tight clearances. 

The outer diameter and wall thickness of the upper section 805 of the 
tubular member 715 may range, for example, from about 1.06 to 48 inches and 1/8 
to 2 inches, respectively. In a prrferred embodiment, the outer diameter and waU 
thicknessoftheupper section 805 of the tubularmember715rangB from about3.5 

25 to 16 inches and 3/8 to 1.6 inches, respectively. 

Theouterdiameterand wall thidiness of the intermediate section 810 of the 
tubular member 715 may range, for example, from about 2.5 to 50 inches and 1/16 
to 1.5 inches, respectively. In a preferred embodiment, the outer diameter and 
wall thickness of the intermediate section 810 of the tubular member 715 range 
30 from about 3.5 to 19 inches and 1/8 to 1.25 inches, req)ectively. 

The outer diameter and wall thickness of the lower section 815 of the 
tubular member 715 may range, for example, from about 2.5 to 50 mches and 1/16 
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to 1.25 inches, respectively. In a preferred embodiment, the outer diameter and 
wall thickness of the lower section 810 of the tubular member 715 range from 
about 3.5 to 19 inches and 1/8 to 1.25 inches, respectively. In a particularly 
preferred embodiment, the wall thickness of the lower section 815 of the tubular 
5 member 715 is further increased to increase the strength of the shoe 720 when 
drillable materials such as, for example, aluminum are used. 

The tubular member 715 preferably comprises a solid tubular member. In 
apreferred embodiment, the end portion 820 of the tubular member 715 is slotted, 
perforated, or otherwise modifled to catch or slow down the mandrel 705 when it 

10 completes the extrusion oftubular member 715. In a preferred embodiment, the 
length of the tubular member 715 is limited to minimize thepossibiliiyof buckling. 
For typical tubular member 715 materiab, the length of the tubular member 715 
is preferab^ limited to between about 40 to 20.000 feet in length. 

The shoe 720 is coupled to the expandable mandt«l 705 and the tubular 

15 member 715. The shoe 720 includes the fluid passage 740. In a preferred 
embodiment, the shoe 720 further includes an inlet passage 830, and one or more 
jet ports 835 . In a particularly preferred embodimrat, the cross-sectional shape of 
the inlet i>assage 830 is adapted to receive a latch-down dart, or other similar 
elements, for blocking the inlet passage 830. The interior of the shoe 720 

20 preferably includes a body ofsolid material 840 for increasing the strength of the 
shoe 720. In a particularly preferred embodiment, the body ofsolid material 840 
comprises aliuninum. 

The shoe 720 may comprise any number of conventional commercially 
available shoes such as, for example, Super Seal n Down^et float shoe, or guide 

25 shoe with a sealing sleeve for a latch down plug modified in accordance with the 
teachings of the present disclosure. In a preferred embodiment* the shoe 720 
comprises an aluminum down-jet guide shoe with a sealing sleeve for a latch-down 
plug available firom Halliburton Energy Services in Dallas, TX, modified in 
accordance with the teachings of the present disclosure, in order to optimize 

30 guiding the tubular member 715 in the weUbore, optimize the seal between the 
tubular member 715 and an existing wellbore casing, and to optimally fadliate the 
removal of the shoe 720 by drilling it out after completion of the extrusion process. 
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The lower cup seal 725 is coupled to and supported by the support member 
745. The lower cup seal 725 prevents foreign materials from entering the interior 
region of the tubular member 715 above the ei?>andable mandrel 705, The lower 
cup seal 725 may comprise any number of conventional commercially available cup 
5 seals such as, for example, TP cups or Selective Ii\jection Packer (SIP) cups 
modified in accordance with the teachings of the present disclosure. In a preferred 
embodiment, the lower cup seal 725 comprises a SIP cup, available from 
HalhTiurton Energy Services in Dallas, TX in order to optimally provide a debris 
barrier and hold a body of lubricant. 
10 The upper cup seal 730 is coupled to and supported by the siqsport member 

760. The upper cup seal 730 prevents foreign materials ftt>m entering the interior 
region of the tubular member 715. The upper cup seal 730 may comprise any 
number of conventional commercial^ available cup seals such as, for example, TP 
cups or Selective Injection Packer (SIP) cup modified in accordance with the 
15 teachings of the present disclosure. In a preferred embodiment, the upper cup seal 
730 comprises a SIP cup available from Halliburton Energy Services in Dallas, TX 
in order to optimally provide a debris barrier and contain a body of lubricant. 

The fluid passage 735 permits fluidic materials to be tran^rted to and 
from the interior region of the tubular member 715 below the expandable mandrel 
20 705. The flxiid passage 735 is fluididy coupled to the fluid passage 740. The fluid 
passage 735 is preferably coupled to and positioned within the support member 
760, the support member 745, the mandrel container 710, and the expandable 
mandrel 705. The fluid passage 735 preferably extends from a position ac(jacent 
to the surface to the bottom ofthe expandable mandrel 705. The fluid passage 735 
25 is preferably positioned along a centerline ofthe apparatus 700. The fluid passage 
735 is preferably selected to transport materials such as cement, drilling mud or 
epoxies at flow rates and pressures ranging from about 40 to 3,000 gallons/minute 
and 500 to 9,000 psi in order to optimally provide sufficient operating pressures to 
extrude the tubular member 715 ofl'of the expandable mandrel 705. 
30 As described above with reference to Figs, 1-6, during placement of the 

apparatus 700 withux a new section of a weUbore, fluidic materials forced up the 
fluid passage 735 can be released into the wellbore above the tubular member 715. 
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In a preferred embodiment, the apparatus 700 farther includes a pressure release 
passage that is coupled to and positioned within the support member 260. The 
pressure release passage is further fluidicly coupled to the fluid passage 735. The 
pressure release passage preferably includes a control valve for controllably 
5 Oldening and closing the fluid passage. In a preferred embodiment, the control 
valve is pressure activated in order to controllably minimize surge pressures. The 
pressure release passage is preferably positioned substantially orthogonal to the 
centerline of the i^paratus 700. The pressure release passage is preferably 
selected to convey materials such as cement, drilling mud or epoxies at flow rates 
10 and pressures ranging from about 0 to 600 gallons/minute and 0 to 1,000 psi in 
order to reduce the drag on the apparatus 700 during insertion into a new section 
of a wellbore and to minimize surge pressures on the new wellbore section. 

The fluid passage 740 permits fluidic materials to be transported to and 
from the region exterior to the tubular member 715. The fluid passage 740 is 
15 preferably coupled to and positioned within the shoe 720 in fluidic communication 
with the interior region of the tubular member 715 below the expandable mandrel 
705. The fluid passage 740 preferably has a cross-sectional shape that permits a 
plug, or other similar device, to be placed in the inlet 830 of the fluid passage 740 
to thereby block ftuther passage of fluidic materials. In this manner, the interior 
20 region of the tubular member 715 below the expandable mandrel 705 can be 
optimally fluidicly isolated from the region exterior to the tubular member 715. 
This permits the interior region of the tubular member 715 below the expandable 
mandrel 205 to be pressurized. 

The fluid passage 740 is preferably positioned substantially along the 
25 centerline of the apparatus 700. The fluid passage 740 is preferably selected to 
convey materials such as cement, drilling mud or epoxies at flow rates and 
pressures ranging from about 0 to 3.000 gaUons/minute and 0 to 9,000 psi in order 
to optimally fill an annular region between the tubular member 715 and a new 
section of a weUbore with fluidic materials. In a preferred embodiment, the fluid 
30 passage 740 includes an inlet passage 830 having a geometry that can receive a 
dart and/or a ball sealing member. In this manner, the fluid passage 240 can be 
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sealed off by introducing a plug, dart and/or baU sealing elements into the Huid 
passage 230. 

In a preferred embodiment, the apparatus 700 further includes one or more 
seals 845 coupled to and supported by the end portion 820 of the tubular member 

5 715. The seals 845 are further positioned on an outer surface of the end portion 
820 of the tubular member 715. The seals 845 permit the overlapping joint 
between an end portion of preexisting casing and the end portion 820 of the 
tubular member 715 to be fluidicly sealed. The seals 845 may comprise any 
number of conventional commercially available seab such as, for example, lead, 

10 rubber, Teflon, or epoxy seals modified in accordance with the teachings of the 
present disclosure. In a preferred embodiment, the seals 845 comprise seals 
molded from StrataLock epoxy available from Halliburton Energy Services in 
Dallas, TX in order to optimally provide a hydraulic seal and a load bearing 
interference fit in the overlapping joint between the tubular member 715 and an 

1 5 existing casing with optimal load bearing capacity to support the tubular member 
715. 

In a preferred embodiment, the seals 845 are selected to provide a sufficient 
frictional force to support the expanded tubular member 715 from the existing 
casing. In a preferred embodiment, the frictional force provided by the seals 845 

20 ranges from about 1,000 to 1,000,000 Ibf in order to optimaUy support the 
expanded tubular member 715. 

The support member 745 is preferably coupled to the expandable mandrel 
705 and the overshot connection 755. The support member 745 preferably 
comprises an annular member having sufficient strength to carry the apparatus 

25 700intoanewsectionofawellbore. The support member 745 may comprise any 
number of conventional commercially available support members such as, for 
example, steel drill pipe, coiled tubing or other high strength tub\ilar modified in 
accordance with the teachings of the present disclosure. In a preferred 
embodiment, the support member 745 comprises conventional drill pipe available 

30 firom varioxis steel mills in the United States. 

In a preferred embodunent, a body of lubricant 750 is provided in the 
annular region above the expandable mandrel container 710 within the interior of 



the tubular member 715. In this manner, the extrusion of the tubular member 715 
off of the expandable mandrel 705 is facilitated. The lubricant 705 may comprise 
any number of conventional commercially available lubricants such as, for 
example, Lubriplate, chlorine based lubricants, oil based lubricants, or Climax 
5 1500 Antisieze (3100). In a preferred embodiment, the lubricant 750 comprises 
Climax 1500 Antisieze (3100) available from Halliburton Energy Services in 
Houston, TX in order to optimally provide lubrication to faciliate the extrusion 
process. 

The overshot connection 755 is coupled to the support member 745 and the 
10 support member 760. The overshot connection 755 preferably permits the support 
member 745 to be removably coupled to the support member 760. The overshot 
connection 755 may comprise aAy number of conventional commercially available 
overshot connections such as, for example, Innerstring Sealing Adapter, 
Innerstring Flat^Face Sealing Adapter or EZ Drill Setting Tool Stinger. In a 
15 preferred embodiment, the overshot connection 755 comprises a Innerstring 
Adapter with an Upper Guide available from Halliburton Energy Services in 
Dallas, TX. 

The support member 760 is preferably coupled to the overshot connection 
755 and a surface support structure (not illustrated). The support member 760 

20 preferably comprises an annular member having sufficient strength to carry the 
apparatus 700 into a new section of a wellbore. The support member 760 may 
comprise any number of conventional commercially available support members 
such as, for example, steel drill pipe, coUed tubing or other high strength tubulars 
modified in accordance with the teachings of the present disclosure. In a preferred 

25 embodiment, the support member 760 comprises a conventional drill pipe available 
from steel mills in the United States. 

The stabilizer 765 is preferably coupled to the support member 760. The 
stabilizer 765 also preferably stabilizes the components of the apparatus 700 
within the tubular member 715. The stabilizer 765 preferably comprises a 

30 spherical member having an outside diameter that is about 80 to 99% of the 
interior diameter of the tubular member 715 in order to optimally minimize 
buckling of the tubularmember 715. The stabilizer 765 may comprise any number 
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of conventional commercially available stabiliiers such as, for example, EZ DriD 
Star Guides, packer shoes or drag blocks modified in accordance with the teachings 
of the present disclosure. In a preferred embodiment, the stabilizer 766 comprises 
a sealing adapter upper guide available from Halliburton Energy Services in 
5 Dallas, TX. 

In a preferred embodiment, the support members 745 and 760 are 
thoroughly cleaned prior to assembly to the remaining portions of the apparatus 
700. In this manner, the introduction of foreign material into the apparatus 700 
is minimized. This minimizes the posdbiU^ of foreign material clogging the 
10 various flow passages and valves ofthe apparatus 700. 

In a preferred embodiment, before or after positioning the apparatus 700 
within a new section of a wellbore, a couple of wellbore volumes are circulated 
through the various now passages ofthe aRwratus 700 in order to ensure that no 
foreign materials are located within the weUbore that might clog up the various 
15 flow passages and valves of the apparatoB 700 and to ensure that no foreign 
material interferes with the expansion mandrel 705 during the expansion process. 

In a preferred embodiment, the apparatus 700 is operated substantially as 
described above with reference to Figs. 1-7 to form a new secUon of casing within 
a wellbore. 

20 As illustrated in Fig. 8, in an alternative preferred embodiment, the method 

and apparatus described herein is used to repair an existing wellbore casing 805 
by forming a tubular liner 810 inside ofthe existing weUbore casing 805. In a 
preferred embodiment, an outer annular lining of cement is not provided in the 
repaired section. In the alternative preferred embodiment, any number of fluidic 
25 materials can be used to expand the tubular liner 810 into intimate contact with 
the damaged section ofthe weUbore casing such as, for example, cement, epoxy, 
slag mix, or drilling mud. In the alternative preferred embodiment, sealing 
members 815 are preferably provided at both ends ofthe tubular member in order 
to optimally provide a fluidic seal. In an alternative preferred embodiment, the 
30 tubular liner 810 is formed within a horizontally posiUoned pipeline section, such 
as those used totransporthydrocarbonsor water, with the tubular liner 810 placed 
in an overlapping relationship with the adjacent pipeline section. In this manner, 
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underground pq)elines can be repaired without having to dig out and replace the 
damaged sections. 

In another alternative preferred embodiment, the method and apparatus 
described herein is used to directly line a wellbore with a tubular liner 810. In 
5 a preferred embodiment, an outer annular lining of cement is not provided 
between the tubular liner 810 and the wellbore. In the alternative preferred 
embodiment, any number of fluidic materials can be used to expand the tubular 
liner 810 into intimate contact with the wellbore such as, for example, cement, 
epozy, slag mix, or drilling mud. 

10 Referring now to Figs, 9, 9a, 9b and 9c, a preferred embodunent of an 

apparatus 900 for forming a wellbore casing includes an expendible tubular 
member 902, a support member 904, an expendible mandrel or pig 906, and a shoe 
908, In a preferred embodiment, the design and construction of the mandrel 906 
and shoe 908 permits easy removal of those elements by drilling them out In this 

15 manner, the assembly 900 can be easily removed from a wellbore using a 
conventional drilling apparatus and corresponding drilling methods. 

The expendible tubxilar member 902 preferably includes an upper portion 
910, an intermediate portion 912 and a lower portion 914. Dining operation of the 
apparatus 900, the tubular member 902 is preferably extruded off of the mandrel 

20 906 by pressurizing an interior region 966 of the tubular member 902. The 
tubular member 902 preferably has a substantially annular cross-section. 

In a particularly preferred embodiment, an expandable tubular member 915 
is coupled to the upper portion 910 of the expandable tubularmember 902. During 
operation of the apparatus 900, the tubular member 915 is preferably extruded off 

25 of the mandrel 906 by pressurizing the interior region 966 of the tubular member 
902. Thetubularmembcr916preferablyhasasubstantiallyannularcross-section. 
In a preferred embodiment, the wall thickness of the tubular member 915 is 
greater than the wall thickness of the tubular member 902. 

The tubular member 915 may be fabricated fiom any number of 

30 conventional commercially available materials such as, for example, oilfield 
tubulars, tow alloy steels, titanium or stainless steels. In a preferred embodiment, 
the tubular member 915 is fabricated from oilfield tubulars in order to optimally 
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provide approximately the same mechanical properties as the tubtUar member 902. 
In a particularly preferred embodiment, the tubular member 915 has a plastic yield 
|X)int ranging from about 40,000 to 135,000 psi in order to optimally provide 
approximately the same yield properties as the tubular member 902. The tubular 
5 member 915 may comprise a plurality of tubular members coupled end to end. 

In a preferred embodiment, the upper end portion of the tubular member 
915 includes one or more sealing members for optimally providing a fhiidic and/or 
gaseous seal with an existing section of wellbore casing. 

In a preferred embodiment, the combined length of the tubular members 
10 902 and 915 are limited to minimize the possibihty of buckling. For typical tubular 
member materials, the combined length of the tubular members 902 and 915 are 
limited to between about 40 to 20,000 feet in length. 

The lower portion 914 of the tubular member 902 is preferably coupled to 
the shoe 908 by a threaded connection 968. The intermediate portion 912 of the 
15 tubular member 902 preferably is placed in intimate sliding contact with the 
mandrel 906. 

The tubular member 902 may be fabricated from any number of 
conventional commercially available materials such as, for example, oilfield 
tubulars, low alloy steels, titanium or stainless steels. In a preferred embodiment, 

20 the tubular member 902 is fabricated from oilfield tubulars in order to optimally 
provide a]^roximately the same mechanical properties as the tubxilar member 915. 
In a particularly pref srred embodiment, the tubular member 902 has a plastic jdeld 
point ranging from about 40,000 to 135,000 psi in order to optimally provide 
approximately the same yield properties as the tubular member 915. 

25 The wall thickness of the upper, intermediate, and lower portions, 910, 912 

and 914 of the tubular member 902 may range, for sample, from about 1/16 to 1.5 
inches. In a preferred embodiment, the wall thickness of the upper, intermediate, 
and lower portions, 910, 912 and 914 of the tubular member 902 range from about 
178 to 1.25 in order to optimally provide wall thickness that are about the same as 

30 the tubular member 915. In a preferred embodiment, the waD thickness of the 
lower portion 914 is less than or equal to the wall thickness of the upper portion 
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910 in order to optimally provide a geometry that will fit into tight clearances 
downhole. 

The outer diameter of the upper, intermediate, and lower portions, 910, 912 
and 914 of the tubular member 902 may range, for example, from about 1.05 to 48 
5 inches. In a preferred embodiment, the outer diameter of the upper, intermediate, 
and lower portions. 910, 912 and 914 of the tubular member 902 range from about 
3 V4 to 19 inches in order to optimaDy provide the ability to expand the most 
commonly used oilfield tubiilars. 

The length of the tubular member 902 is preferably limited to between 

10 about 2 to 5 feet in order to optimally provide enough length to contain the 
mandrel 906 and a body of lubricant. 

The tubular member 902 may comprise any number of conventional 
commercially available tubular members modiiSed in accordance with the teachings 
of the present disclosure. In a preferred embodiment, the tubular member 902 

15 comprises Oilfield Country Tubular Goods available ftt}m various U.S. steel mills. 
The tubular member 915 may comprise any number of conventional commercially 
available tubular members modified in accordance with the teachings of the 
present disclosure. In a preferred embodiment, the tubular member 915 comprises 
Oilfield Country Tubular Goods available from various U.S. steel mills. 

20 The various elements of the tubular member 902 may be coupled using any 

number of conventional process such as, for example, threaded connections, 
welding or machined from one piece. In a preferred embodiment, the various 
elements of the tubular member 902 are coupled using welding. The tubular 
member 902 may comprise a plurality of tubular elements that are coupled end to 

25 end. The various elements of the tubular member 915 may be coupled using any 
number of conventional process such as, for example, threaded connections, 
welding or machined fix)m one piece. In a preferred embodiment, the various 
elements of the tubular member 915 are coupled using welding. The tubular 
member 915 may comprise a plurality of tubular elements that are coupled end to 

30 end. The tubular members 902 and 915 may be coupled using any number of 
conventional process such as, for example, threaded connections, welding or 
machined from one piece. 
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The support member 904 preferably includes an innerstring adapter 916, 
a fluid passage 918, an upper guide 920, and a coupling 922. During operation of 
the apparatus 900, the support member 904 preferably supports the apparatus 900 
during movement of the apparatus 900 within a wellbore. The support member 
5 904 preferably has a substantially annular cross-section. 

The support member 904 may be fabricated from any number of 
conventional commercially available materials such as, for example, oilfield 
tubulars, low alloy steel, coiled tubing or stainless steel. In a preferred 
embodiment, the support member 904 is fabricated from low aUoy steel in order 
10 to optimally provide high yield strength. 

The innerstring adaptor 916 preferably is coupled to and supported by a 
conventional drill string support from a surface location. The innerstring adaptor 
916 may be coupled to a conventional drill string support 971 by a threaded 
connection 970. 

1 5 The fluid passage 9 1 8 is preferably used to convey fluids and other materials 

to and from the apparatus 900, In a preferred embodiment, the fluid passage 918 
is fluidicly coupled to the fluid passage 962. In a preferred embodiment, the fluid 
passage 918 is used to convey hardenable fluidic sealing materials to and from the 
apparatus 900. In aparticularly preferred embodiment, the fluid passage 918 may 

20 include one or more pressure relief passages (not illustrated) to release fluid 
pressure during positioning of the apparatus 900 within a wellbore. In a preferred 
embodiment, the fluid passage 9 18 is positioned along a longitudinal centerline of 
the apparatus 900. In a preferred embodiment, the fluid passage 918 is selected 
to permit the conveyance of hardenable fluidic materials at operating pressures 

25 ranging from about 0 to 9,000 psi. 

The upper guide 920 is coupled to an upper portion of the support member 
904. The upper guide 920 preferably is adapted to center the support member 904 
within the tubular member 915. The upper guide 920 may comprise any number 
of conventional guide members modified in accordance with the teachings of the 

30 present disclosure. In a preferred embodiment, the upper guide 920 comprises an 
innerstring adapter available from Halliburton Energy Services in Dallas, TX 
order to optimally guide the apparatus 900 within the tubular member 915. 
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The coupling 922 couples the support member 904 to the mandrel 906. The 
coupling 922 preferably comprises a conventional threaded connection. 

The various elements of the support member 904 may be coupled using any 
nimiber of conventional processes such as, for example, welding, threaded 
5 connections or machined from one piece. In a preferred embodiment, the various 
elements of the support member 904 are coupled using threaded connections. 

The mandrel 906 preferably includes a retainer 924, a rubber cup 926, an 
expansion cone 928, a lower cone retainer 930, a body of cement 932, a lower guide 
934, an extension sleeve 936, a spacer 938, a housing 940, a sealing sleeve 942, an 
10 upper cone retainer 944, a lubricator mandrel 946, a lubricator sleeve 948, a guide 
950, and a flidd passage 952. 

The retainer 924 is coupled to the lubricator mandrel 946, lubricator sleeve 
948, and the rubber cup 926. The retainer 924 couples the nibber cup 926 to the 
lubricator sleeve 948. The retainer 924 preferab^ has a substantially ann\ilar 
15 cross-section. The retainer 924 may comprise any number of conventional 
commercially available retainers such as, for example, slotted spring pins or roU 
pin. 

The rubber cup 926 is coupled to the retainer 924, the lubricator mandrel 
946, and the lubricator sleeve 948. The rubber cup 926 prevents the entry of 

20 foreign materials into the interior region 972 of the tubular member 902 below the 
rubber cup 926. The rubber cup 926 may comprise any number of conventional 
commercially available rubber cups such as, for example, TP cups or Selective 
Injection Packer (SIP) cup. In a preferred embodiment, the rubber cup 926 
comprises a SIP cup available from Halliburton Energy Services in Dallas, TX in 

25 order to optimally block foreign materials. 

In a particularly preferred embodiment, a body of lubricant is fkirther 
provided in the interior region 972 of the tubular member 902 in order to hibricate 
the interface between the exterior surfoce of the mandrel 902 and the interior 
surface of the tubular members 902 and 915. The lubricant may comprise any 

30 number of conventional commercially available lubricants such as, for example, 
Liibripkte, chlorine based lubricants, oil based lubricants or Climax 1500 Antiseize 
(3 100). In a preferred embodiment, the lubricant comprises Climax 1500 Antiseize 
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(3100) available from Climax Lubricants and Equipment Co. in Houston, TX in 
order to optimaDy provide lubrication to faciliate the extrusion process. 

The expansion cone 928 is coupled to the lower cone retainer 930, the body 
of cement 932, the lower guide 934, the extension sleeve 936, the housing 940, and 
5 the upper cone retainer 944. In a preferred embodiment, during operation of the 
apparatus 900, the tubular members 902 and 915 are extruded off of the outer 
surface of the expansion cone 928. In a preferred embodiment, axial movement 
of the expansion cone 928 is prevented by the lower cone retainer 930, housing940 
and the upper cone retainer 944. Inner radial movement of the expansion cone 
10 928 is prevented by the body of cement 932, the housing 940, and the upper cone 
retainer 944. 

The expansion cone 928 preferably has a substantially annular cross section. 
The outside diameter of the expansion cone 928 is preferably tapered to provide a 
cone shape. The wall thickness of the expansion cone 928 may range, for example, 

15 from about 0. 125 to 3 inches. In a preferred embodiment, the wall thickness of the 
expansion cone 928 ranges from about 0^5 to 0.75 inches in order to optimally 
provide adequate compressive strength with minimal material The maximum 
and minimum outside diameters of the expansion cone 928 may range, for 
example, from about 1 to 47 inches. In a preferred embodiment, the m a Timi i m and 

20 minimttTn outside diameters of the expansion cone 928 range from about 3.5 to 19 
in order to optimally provide expansion of generally available oilfield tubulars 

The expansion cone 928 maybe fabricated from any number of conventional 
commercially available materials such as, for example, ceramic, tool steel, titanium 
or low alloy steel. In a preferred embodiment, the expansion cone 928 is fabricated 

25 from tool steel in order to optimally provide high strength and abrasion resistance. 
The surface hardness of the outer surface of the expansion cone 928 may range, for 
example, from about 50 Rockwell C to 70 Rockwell C. In a preferred embodiment, 
the surface hardness of the outer surface of the expansion cone 928 ranges from 
about 58 Rockwell C to 62 Rockwell C in order to optimally provide high yield 

30 strength. In a preferred embodiment, the expansion cone 928 is heat treated to 
optimally provide a hard outer surface and a resilient interior body in order to 
optimally provide abrasion resistance and fracture toughness. 
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The lower cone retainer 930 is coupled to the expansion cone 928 and the 
housing 940. In a preferred embodiment, axial movement of the expansion cone 
928 is prevented by the lower cone retainer 930. Preferably, the lower cone 
retainer 930 has a substantially ^TiwT'ly^ cross-section. 
5 The lower cone retainer 930 may be fabricated flrom any number of 

conventional commerdalfy available materials such as, for example, ceramic, tool 
steel, titanium or low alloy steel. In a preferred embodiment, the lower cone 
retainer 930 is fabricated from tool steel in order to optimally provide high 
strength and abrasion resistance. The surface hardness of the outer surface of the 

10 lower cone retainer 930 may range, for example, from about 50 Rockwell C to 70 
Rockwell C. In a preferred embodiment, the surface hardness of the outer surface 
of the lower cone retainer 930 ranges from about 58 Rockwell C to 62 Rockwell C 
in order to optimally provide high yield strength. In a preferred embodiment, the 
lower cone retainer 930 is heat treated to optimally provide a hard outer surface 

15 and a resilient interior body in order to optimally provide abrasion resistance and 
fracture toughness. 

In a preferred embodiment, the lower cone retainer 930 and the expansion 
cone 928 are formed as an integral one-piece element in order reduce the number 
of components and increase the overaU strength of the apparatus. The outer 

20 surface of the lower cone retainer 930 preferably mates with the inner surfaces of 
the tubular members 902 and 915, 

The body of cement 932 is positioned within the interior of the mandrel 906. 
The body of cement 932 provides an inner bearing structure for the mandrel 906. 
The body of cement 932 further may be easily drilled out using a conventional drill 

25 device. In this manner, the mandrel 906 may be easily removed using a 

conventional drilling device. 

The body of cement 932 may comprise any number of conventional 

commercially avaflable cement compounds. Alternatively, alximinum, cast iron or 

some other driUable metallic, composite, or aggregate material may be substituted 

30 for cement. The body ofcement 932 preferably has a substantially annular cross- 
section. 
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The lower guide 934 is coupled to the extension sleeve 936 and housing 940. 
During operation of the apparatus 900, the lower guide 934 preferably helps guide 
the movement of the mandrel 906 within the tubular member 902, The lower 
guide 934 preferably has a substantially annular cross-section. 
5 The lower guide 934 may be fabricated from any number of conventional 

commercially available materials such as, for example, oilfield tubulars, low alloy 
steel or stainless steel. In a preferred embodiment, the lower guide 934 is 
fabricated from low alloy steel in order to optimally provide high yield strength. 
The outer surface of the lower guide 934 preferably mates with the inner surface 
10 ofthe tubular member 902 to provide a sliding fit. 

The extension sleeve 936 is coupled to the lower guide 934 and the housing 
940. During operation ofthe apparatus 900, the extension sleeve 936 preferably 
helps guide the movement ofthe mandrel 906 within the tubular member 902. 
The extension sleeve 936 preferably has a substantially annular cross-section, 
15 The extension sleeve 936 may be fabricated from any number of 

conventional commercially available materials such as, for example, oilfield 
tubulars, low alloy steel or stainless steel. In a preferred embodiment, the 
extension sleeve 936 is fabricated firom low alloy steel in order to optimally provide 
high yield strength. The outer surface ofthe extension sleeve 936 preferably mates 
20 with the inner surface of the tubular member 902 to provide a sliding fit In a 
preferred embodnnent, the extension sleeve 936 and the lower guide 934 are 
formed as an integral one-piece element in order to minimize the number of 
components and increase the strength of the apparatus. 

The spacer 938 is coupled to the sealing sleeve 942. The spacer 938 
25 preferably includes the fluid passage 952 and is adapted to mate with the extension 
tube 960 of the shoe 908 . In this manner, a plug or dart can be conveyed firom the 
surface through the fluid passages 918 and 952 into the fluid passage 962. 
Preferably, the spacer 938 has a substantially annular cross-section. 

The spacer 938 may be fabricated from any number of conventional 
30 commercially avaDable materials such as, for example, steel, aluminum or cast 
iron. In a preferred embodiment, the spacer 938 is fabricated from aluminum in 
order to optimally provide driUabiUty. The end ofthe spacer 938 preferably mates 
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with the end of the extension tube 960. In a preferred embodiment, the spacer 
938 and the sealing sleeve 942 are formed as an integral one-piece element in order 
to reduce the nximber of components and mcrease the strength of the apparatuB. 
The housing 940 is coupled to the lower guide 934, extension sleeve 936, 
5 expansion cone 928, body of cement 932, and lower cone retainer 930. During 
operation of the apparatus 900, the housing 940 preferably prevents inner radial 
motion of the expansion cone 928. Preferably, the housing 940 has a substantially 
annular cross-section. 

The housing 940 may be fabricated from any nimaber of conventional 
10 commercially available materials such as, for example, oilfield tubulars, low alloy 
steel or stainless steel. In a preferred embodiment, the housing 940 £b fabricated 
from low alloy steel in order to optimally provide higji yield strength. In a 
preferred embodiment, the lower guide 934, extension sleeve 936 and housing 940 
are formed as an integral one-piece element in order to minimize the n\imber of 
15 components and increase the strength of the apparatus. 

In a particularly preferred embodiment, the interior surface of the housing 
940 includes one or more protrusions to facQiate the connection between the 
housing 940 and the body of cement 932. 

The sealing deeve 942 is coupled to the support member 904, the body of 
20 cement 932, the spacer 938, and the upper cone retainer 944. During operation of 
the apparatus, the sealing sleeve 942 preferably provides support for the mandrel 
906. The sealing sleeve 942 is preferably coupled to the support member 904 using 
the coupling 922. Preferably, the sealing sleeve 942 has a substantially annular 
cross-section. 

25 The sealing sleeve 942 may be fabricated from any number of conventional 

commercially available materials such as, for example, steel, aluminum or cast 
iron. In a preferred embodiment, the sealing sleeve 942 is fabricated from 
aluminum in order to optimally provide drillability of the sealing sleeve 942. 

In a particularly preferred embodiment, the outer surface of the sealing 

30 sleeve 942 includes one or more protrusions to faciliate the connection between the 
sealing sleeve 942 and the body of cement 932. 
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In a particularly preferred embodiment, the spacer 938 and the sealing 
sleeve 942 are integrally formed as a one-piece element in order to minimize the 
number of components. 

The upper cone retainer 944 is coupled to the expansion cone 928, the 
5 sealingsleeve 942, and the body of cement 932. Ehiring operation of the apparatus 
900 , the upper cone retainer 944 preferably prevents axial motion of the expansion 
t»ne 928. Preferably, the upper cone retainer 944 has a substantially annular 
cross-section. 

The upper cone retainer 944 may be fabricated from any number of 
10 conventional commercially available materials such as, for example, steel, 
aluminum or cast iron. In a preferred embodiment, the upper cone retainer 944 
is fabricated from aluminum in order to optimally provide drillability of the upper 
cone retainer 944. 

In a particularly preferred embodiment, the upper cone retainer 944 has a 
15 cross-sectional shape designed to provide increased rigidity. In a particularly 
preferred embodiment, the upper cone retainer 944 has a cross-sectional shape that 
is substantially I-shaped to provide increased rigidity and minimize the amount of 
material that woiild have to be drilled out. 

The lubricator mandrel 946 is coupled to the retainer 924, the rubber cup 
20 926, the upper cone retainer 944. the lubricator sleeve 948, and the guide 950. 
During operation of the apparatus 900, the lubricator mandrel 946 preferably 
contains the body of lubricant in the annular region 972 for lubricating the 
interface between the mandrel 906 and the tubular member 902. Preferably, the 
lubricator mandrel 946 has a substantially annular cross-section. 
25 The hibricator mandrel 946 may be fabricated from any number of 

conventional commercially available materials such as, for example, steel, 
aluminum or cast iron. In a preferred embodiment, the lubricator mandrel 946 is 
fabricated ft^m aluminum in order to optimally provide drillability of the 

lubricator mandrel 946. 
30 The lubricator sleeve 948 is coupled to the lubricator mandrel 946, the 

retainer 924. the rubber cup 926, theupperconeretainer944, the lubricator sleeve 
948, and the guide 950. During operation of the apparatus 900, the lubricator 
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sleeve 948 preferably supports the rubber cup 926. Preferably, the lubricator 
sleeve 948 has a substantially annular cross-section. 

The lubricator sleeve 948 may be fabricated from any number of 
conventional commercially available materials such as, for example, steel, 
5 aluminum or cast iron. In a preferred embodiment, the lubricator sleeve 948 is 
fabricated from aluminum in order to optimally provide drillability of the 
lubricator sleeve 948. 

As illustrated in Fig. 9c, the hibricator sleeve 948 is supported by the 
lubricator mandrel 946, The lubricator sleeve 948 in turn supports the rubber cup 
10 926. The retainer 924 couples the rubber cup 926 to the lubricator sleeve 948. In 
a preferred embodiment, seals 949a and 949b are provided between the lubricator 
mandrel 946, lubricator sleeve 948, and rubber cup 926 in order to optimally seal 
ofT^e interior region 972 of the tubular member 902. 

The guide 950 is coupled to the lubricator mandrel 946, the retainer 924, 
15 and the lubricator sleeve 948. During operation of the apparatus 900, the guide 
950 preferably guides the apparatus on the support member 904. Preferably, the 
guide 950 has a substantially nnT^^i^r cross-section. 

The guide 950 may be fabricated from any number of conventional 
commercially available materials such as, for example, steel, aluminum or cast 
20 iron. In a preferred embodiment, the guide 950 is fabricated firom aluminum 
order to optimally provide drillability of the guide 950. 

The fluid passage 952 is coupled to the mandrel 906. During operation of 
the apparatus, the fluid passage 952 preferably conveys hardenable fluidic 
materials. In a preferred embodiment, the fluid passage 952 is positioned about 
25 the centerline of the apparatus 900, In a particularly preferred embodiment, the 
fluid passage 952 is adapted to convey hardenable fluidic materials at pressures 
and flow rate ranging from about 0 to 9,000 psi and 0 to 3,000 gallona/min in order 
to optimally provide pressures and flow rates to displace and circulate fluids during 
the installation of the apparatus 900. 
30 The various elements of the mandrel 906 may be coupled using any number 

of conventional process such as, for example, threaded connections, welded 
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connections or cementing. In a preferred embodiment, the various elements of the 
mandrel 906 are coupled using threaded connections and cementing. 

The shoe 908 preferably includes a housing 954, a body of cement 956, a 
sealing sleeve 958. an extension tube 960, a fluid passage 962, and one or more 
5 outlet jets 964. 

The housing 954 is coupled to the body of cement 956 and the lower portion 
914 of the tubular member 902. During operation of the apparatus 900, the 
housing 954 preferably couples the lower portion of the tubular member 902 to the 
shoe 908 to facilitate the extrusion and positioning of the tubular member 902. 
10 Preferably, the housing 954 has a substantially annular cross-section. 

The housing 954 may be fabricated from any number of conventional 
commercially available materials such as, for example, steel or alvuninum. In a 
preferred embodiment, the housing 954 is fabricated from aluminum in order to 
optimally provide drillability of the housing 954. 
15 In a particularly preferred embodiment, the interior surface of the housing 

954 includes one or more protrusions to faciliate the connection between the body 
of cement 956 and the housing 954. 

The body of cement 956 is coupled to the housing 954, and the sealing sleeve 
958. In a preferred embodiment, the composition of the body of cement 956 is 
20 selected to permit the body of cement to be easily drilled out using conventional 
drilling machines and processes. 

The composition of the body of cement 956 may include any number of 
conventional cement compositions. In an alternative embodiment, a drillable 
material such as, for example, aluminiun or iron may be substituted for the body 
25 of cement 956. 

The sealing sleeve 958 is coupled to the body of cement 956, the extension 
tube 960, the fluid passage 962, and one or more outlet jets 964. During operation 
of the apparatus 900, the sealing sleeve 958 preferably is adapted to convey a 
hardenable fluidic material from the fluid passage 952 into the fluid passage 962 
30 and then into the outlet jets 964 in order to iiyect the hardenable flxiidlc material 
into an annular region external to the tubular member 902. In a preferred 
embodiment, during operation of the apparatus 900, the sealing sleeve 958 further 
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includes an inlet geometry that pennits a conventional plug or dart 974 to become 
lodged in the inlet of the sealing sleeve 958. In this manner, the fluid passage 962 
may be blocked thereby fluididy isolating the interior region 966 of the tubular 
member 902. 

5 In a preferred embodiment, the sealing sleeve 958 has a substantially 

annular cross-section The sealing sleeve 958 may be fabricated from any number 
of conventional commercially available materials such as, for example, steel, 
aluminum or cast iron. In a preferred embodiment, the sealing sleeve 958 is 
fabricated from aluminum in order to optimally provide drillability of the sealing 
10 sleeve 958. 

The extension tube 960 is coupled to the sealing sleeve 958, the fluid passage 
962, and one or more outlet jets 964. During operation of the apparatus 900, the 
extension tube 960 preferably is adapted to convey a hardenable fluidic material 
from the fluid passage 952 into the fluid passage 962 and then into the outlet jets 

15 964 in order to iiyect the hardenable fluidic material into an annular region 
external to the tubular member 902. In a preferred embodiment, during operation 
of the apparatus 900, the sealing sleeve 960 frirther includes an inlet geometry that 
permits a conventional plug or dart 974 to become lodged in the inlet of the sealing 
sleeve 958. In this manner, the fluid passage 962 is blocked thereby fluididy 

20 isolating the interior region 966 of the tubular member 902. In a preferred 
embodiment, one end of the extension tube 960 mates with one end of the spacer 
938 in order to optimally fadliate the transfer of material between the two. 

In a preferred embodiment, the extension tube 960 has a substantially 
annular cross-section. The extension tube 960 may be fabricated from any number 

25 of conventional commercially available materials such as, for example, steel, 
aluminum or cast iron. In a preferred embodiment, the extension tube 960 is 
fabricated from aluminum in order to optimally provide drillability of the 
extension tube 960. 

The fluid passage 962 is coupled to the sealing sleeve 958, the extension tube 

30 960, and one or more outlet jets 964. During operation of the apparatus 900, the 

fluid passage 962 ispreferably conveys hardenablefluidic materials. Inapreferred 
embodiment, the fluid passage 962 is positioned about the centerline of the 
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apparatus 900. In a particularly preferred embodiment, the flmd passage 962 is 
adapted to convey hardenable fluidic materials at pressures and flow rate ranging 
from about 0 to 9,000 psi and 0 to 3.000 gallonsAnin in order to optimally provide 
fluids at operationally efficient rates. 
5 The outlet jets 964 are coupled to the sealing sleeve 958, the extension tube 

960, and the fluid passage 962. During operation of the apparatus 900, the outlet 
jets 964 preferably convey hardenable fluidic material from the fluid passage 962 
to the region exterior of the apparatus 900. In a preferred embodiment, the shoe 
908 includes a plurality of outlet jets 964. 
10 In a preferred embodiment, the ouUet jets 964 comprise passages drilled in 

the housing 954 and the body of cement 956 in order to simplify the construction 
of the apparatus 900. 

The varioufi elements of the shoe 908 may be coupled using any number of 
conventional process such as, for example, threaded connections, cement or 
15 machined from one piece of material. In a preferred embodiment, the various 
elements of the shoe 908 are coupled using cement. 

In a preferred embodiment, the assembly 900 is operated substantially as 
described above with reference to Figs. 1-8 to create a new section of casing in a 
wellbore or to repair a wellbore casing or pipeline. 
20 In particular, in order to extend a wellbore into a subterranean formation, 

a drill string is used in a well known manner to drill out material from the 
subterranean formation to form a new section. 

The apparatus 900 for forming a wellbore casing in a subterranean 
formation is then positioned in the new sedion of the wellbore. In a particularly 
25 preferred embodiment, the apparatus 900 includes the tubular member 915. In a 
preferred embodiment, a hardenable fluidic sealing hardenable fluidic sealing 
material is then pumped from a surface location into the fluid passage 918. The 
hardenable fluidic seaUng material then passes from the fluid passage 918 into the 
interior region 966 of the tubular member 902 below the mandrel 906. The 
30 hardenable fluidic sealing material then passes from the interior region 966 into 
the fluid passage 962. The hardenable fluidic sealing material then exits the 
apparatus 900 via the outlet jets 964 and fills an annular region between the 
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exterior of the tubular member 902 and the interior waU of the new section of the 
wellbore. Continued pumping of the hardenable fluidic sealing material causes the 
material to fill up at least a portion of the flnTnilar region. 

The hardenable fluidic sealing material is preferably pumped into the 
5 annular region at pressures and flow rates ranging, for example, firom about 0 to 
5,000 psi and 0 to 1,500 gallonsAnin, respectively. In a preferred embodiment, the 
hardenable fluidic sealing material is pumped into the anmilp r region at pressures 
and flow rates that are designed for the specific wellbore section in order to 
optimize the displacement of the hardenable fluidic sealing material while not 

10 creating high enough circulating pressures such that circulation might be lost and 
that could cause the wellbore to collapse. The optimum pressures and flow rates 
are preferably determined using conventional empirical methods. 

The hardenable fluidic sealing material may comprise any number of 
conventional commercially available hardenable fluidic sealing materials such as, 

15 for example, slag mix, cement or epoxy. In a preferred embodiment, the 
hardenable fluidic sealing material comprises blended cements designed spediically 
for the well section being lined available from Halliburton Energy Services In 
Dallas, TX in order to optimally provide support for the new tubiilar member while 
also maintaining optimal flow characteristics so as to minimize operational 

20 difliculties during the displacement of the cement in the ATMinlar region. The 
optimimi composition of the blended cements is preferably , determined using 
conventional empirical methods. 

The axmular region preferably is filled with the hardenable fluidic sealing 
material in sufficient quantities to ensure that, upon radial expansion of the 

25 tubiilar member 902, the annular region of the new section of the wellbore will be 
filled with hardenable material. 

Once the annular region has been adequately filled with hardenable fluidic 
sealing material, a plug or dart 974, or other similar device, preferably is 
introduced into the fluid passage 962 thereby fluidicly isolating the interior region 

30 966 ofthe tubular member 902 from the external annular region. In a preferred 
embodiment, a non hardenable fluidic material is then pumped into the interior 
region 966 causing the interior region 966 to pressurize. In a particularly 
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preferred embodiment, the plug or dart 974, or other eimilar device, preferably is 
introduced in to the fluid passage 962 by introducing the pliog or dart 974, or other 
siinilar device into the non hardenable fluidic material. In this manner, the 
amoixnt of cured material within the interior of the tubular members 902 and 915 
5 ia minimized. 

Once the interior region 966 becomes sufficiently pressurized, the tubular 
members 902 and 915 are extruded off of the mandrel 906. The mandrel 906 may 
be fixed or it may be expandible. During the extrusion process, the mandrel 906 
is raised out of the expanded portions of the tubular members 902 and 915 using 

10 the support member 904. During this extrusion process, the shoe 908 is preferably 
substantially stationary. 

The plug or dart 974 is preferably placed into the fluid passage 962 by 
introducing the plug or dart 974 into the fluid passage 918 at a surface location in 
a conventional manner. The plug or dart 974 may comprise any nimaber of 

15 conventional commercially available devices for plugging a fluid passage such as, 
for example, Multiple Stage Cementer (MSC) latch-down phig, Omega latch-down 
plug or three- wiper latch down plug modified in accordance with the teachings of 
the present disclosure. In a preferred embodiment, the plug or dart 974 comprises 
a MSC latch-down plug available from Halliburton Energy Services in Dallas, TX. 

20 After placement of the plug or dart 974 in the fluid passage 962, the non 
hardenable fl\iidic material is preferably pxmiped into the interior region 966 at 
pressures and flow rates ranging from approximately 500 to 9,000 psi and 40 to 
3,000 gallons/min in order to optimally extrude tbe tubular members 902 and 915 
off of the mandrel 906. 

25 For typical tubular members 902 and 915, the extrusion of the tubular 

members 902 and 915 off of the Gq)andable mandrel will begin when the pressure 
of the interior region 966 reaches approximately 500 to 9,000 psi. In a preferred 
embodiment, the extrusion of the tubular members 902 and 915 off of the mandrel 
906 begins when the pressure of the interior region 966 reaches approximately 

30 1,200 to 8,500 psi with a flow rate of about 40 to 1250 galloms/minute. 

During the extrusion process, the mandrel 906 may be raised out of the 
expanded portions of the tubular members 902 and 916 at rates ranging* for 
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example, from about 0 to 5 fVsec. In a preferred embodiment, during the extrusion 
process, the mandrel 906 is raised out of the expanded portions of the tubular 
members 902 and 915 at rates ranging from about 0 to 2 ft/sec in order to 
optimally provide pulling speed fast enough to permit efficient operation and 
5 permit full expansion of the tubular members 902 and 915 prior to curing of the 
hardenable fluidic sealing material; but not so fast that timely adjustment of 
operating parameters during operation is prevented. 

When the upper end portion of the tubular member 915 is extruded off of 
the mandrel 906, the outer surface of the upper end portion of the tubular member 

10 915 will preferably contact the interior surface of the lower end portion of the 
existing casing to form an fluid tight overlapping joint. The contact pressure of the 
overlapping joint may range, for example, from approximately 50 to 20,000 psi. In 
a preferred embodiment, the contact pressure of the overlapping joint between the 
upper end of the tubular member 915 and the existing section of wellbore casing 

15 ranges from approximately 400 to 10,000 psi in order to optimally provide contact 
pressure to activate the sealing members and provide optimal resistance such that 
the tubular member 916 and existing wellbore casing vnll cany laical tensile and 
compressive loads. 

In a preferred embodiment, the operating pressure and flow rate of the non 

20 hardenable fluidic material will be controUably ramped down when the mandrel 
906 reaches the upper end portion of the tubular member 916. In this manner, the 
sudden release of pressure caused by the complete extrusion of the tubular 
member 915 off of the expandable mandrel 906 can be minimized. In a preferred 
embodiment, the operating pressure is reduced in a substantially linear fashion 

25 from 100% to about 10% during the end of the extrusion process b^inning when 
the mandrel 906 has completed approximately all but about the last 5 feet of the 
extrusion process. 

In an alternative preferred embodiment, the operatingpressure and/or flow 
rate of the hardenable fluidic sealing material and/or the non hardenable fluidic 
30 material are controlled dxiring all phases of the operation of the apparatus 900 to 
minimize shock. 



-49. 



25791.11 

Alternatively, or in combination, a shock absorber is provided in the support 
member 904 in order to absorb the shock caused by the sudden release of pressure. 

Alternatively, or in combination, a mandrel catching structure is provided 
above the support member 904 in order to catch or at least decelerate the mandrel 
5 906. 

Once the extrusion process is completed, the mandrel 906 is removed from 
the wellbore. In a preferred embodiment, either before or after the removal of the 
mandrel 906, the integrity of the fluidic seal of the overlapping joint between the 
upper portion of the tubular member 915 and the lower portion of the existing 

10 casmg is tested using conventional methods. If the fliddic seal of the overlapping 
joint between the upper portion of the tubular member 915 and the lower portion 
of the existing casing is satisfactory, then the uncured portion of any of the 
hardenable fluidic sealing material within the expanded tubular member 916 is 
then removed in a conventional manner. The hardenable fluidic sealing material 

16 within the annular region between the expanded tubular member 916 and the 
existing casing and new section of wellbore is then allowed to cure. 

Preferably any remaining cured hardenable fluidic sealing material within 
the interior of the expanded tubular members 902 and 915 is then removed in a 
conventional manner using a conventional drill string. The resulting new section 

20 of casing preferably includes the expanded tubular members 902 and 915 and an 
outer annular layer of cured hardenable fluidic sealing material. The bottom 
portion of the apparatus 900 comprising the shoe 908 may then be removed by 
driUing out the shoe 908 using conventional drilling methods. 

In an alternative embodiment, during the extrusion process, it may be 

25 necessary to remove the entire apparatus 900from the interior of the wellbore due 
to a malfunction. In this circumstance, a conventional drill string is \ised to drill 
out the interior sections of the apparatus 900 in order to facilitate the removal of 
the remaining sections. In a preferred embodiment, the interior elements of the 
apparatus 900 are fabricated from materials such as, for example, cement and 

30 aluminum, that permit a conventional drill string to be employed to drill out the 
interior components. 



-50- 



25791.11 

In particular, in a preferred embodiment, the composition of the interior 
sections of the mandrel 906 arid shoe 908, including one or more of the body of 
cement 932, the spacer 938, the sealing sleeve 942, the upper cone retainer 944, the 
lubricator mandrel 946, the lubricator sleeve 948, the guide 950, the housing 954, 
5 the body of cement 956, the sealing sleeve 958, and the extension tube 960, are 
selected to permit at least some of these components to be drilled out using 
conventional drilling methods and apparatus. In this manner, in the event of a 
malfunction downhole, the apparatus 900 may be easily removed from the 
wellbore, 

10 Referring now to Pigs. lOa, 10b, 10c, lOd, lOe. lOf, and lOg a method and 

apparatus for creating a tie-back liner in a wellbore will now be described. As 
illustrated in Fig. 10a, a weUbore 1000 positioned in a subterranean formation 
1002 includes a first casing 1004 and a second casing 1006. 

The first casing 1004 preferably includes a tubular liner 1008 and a cement 

15 annulus 1010. The second casing 1006 preferably includes a tubular liner 1012 
and a cement annulus 1014. In a preferred embodiment, the second casing 1006 
is formed by expanding a tubular member substantially as described above with 
reference to Pigs. l-9c or below with reference to Pigs. lla-Uf. 

In a particularly preferred embodiment, an upper portion of the tubular 

20 liner 1012 overlaps withalowerportion of the tubular liner 1008. In a particularly 
preferred embodiment, an outer surface of the upper portion of the tubular Imer 
1012 includes one or more sealing members 1016 for providing a ttuidic seal 
between the tubular liners 1008 and 1012. 

Referring to Pig. 10b, in order to create a tie-back liner that extends from 

25 the overlap between the first and second casings, 1004 and 1006, an apparatus 
1100 is preferably provided that includes an expandable mandrel or pig 1105, a 
tubular member 1110, a shoe 1115, one or more cup seals 1120, a (Ivdd passage 
1130, a fluid passage 1135, one or more fluid passages 1140, seals 1145, and a 
support member 1150. 

30 The expandable mandrel or pig 1105 is coupled to and supported by the 

support member 1150. The expandable mandrel 1105 is preferably adapted to 
controUably expand in a radial direction. The expandable mandrel 1105 may 
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comprise any number of conventional commercially available es^mndable mandrds 
modified in accordance with the teachings of the present disclosure. In apreferred 
embodiment, the expandable mandrel 1105 comprises a hydraulic expansion tool 
substantially as disclosed in U.S. Pat. No. 5,348,096, the disclosure of which is 

5 incorporated herein by reference, modified in accordance with the teachings of the 
present disclosure. 

The tubular member 1110 is coupled to and supported by the expandable 
mandrel 1 105. The tubular member 1105 is expanded in the radial direction and 
extruded offof the expandable mandrel 1105. The tubular member 1110 may be 

10 fabricated from any number of materials such as, for example, Oilfield Country 
Tubular Goods, 13 chromium tubing or plastic piping. In a preferred embodiment, 
the tubular member 1110 is fabricated from Oilfield Country Tubular Goods. 

The inner and outer diameters of the tubidar member 1 1 10 may range, for 
example, from approximately 0.75 to 47 inches and 1 .05 to 48 inches, respectively. 

15 In a preferred embodiment, the inner and outer diameters of the tubular member 
1110 range from about 3 to 15.5 inches and 3.5 to 16 inches, respectively in order 
tooptimallyprovidecoveragefortypicaloilfieldcasingsizes. The tubular member 
1110 preferably comprises a soUd member. 

In a preferred embodiment, the upper end portion of the tubular member 

20 1110 is dotted, perforated, or otherwise modified to catch or slow down the 
mandrel 1105 when it completes the extrusion of tubular member 1110. In a 
preferred embodunent, the length of the tubular member 1110 is limited to 
mimmiie the possibiU^ of buckling. For typical tubular member 1110 materials, 
the length of the tubular member 1110 is preferably limited to between about 40 

25 to 20,000 feet in length. 

The shoe 1115 is coupled to the expandable mandrel 1105 and the tubular 
member 1110. The shoe 11 15 inchides the fluid passage 1135. The shoe 1115 may 
comprise any number of conventional commercially available shoes such as, for 
example. Super Seal H float shoe, Super Seal H Down-Jet float shoe or a guide shoe 

30 with a sealing sleeve for a latch down pltxg modified in accordance with the 
teachings of the present disclosure. In a preferred embodiment, the shoe 1115 
comprises an aluminum down-jet guide shoe with a seaUng sleeve for a latch-down 
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plug with side ports radiating off of the exit now port available from Halliburton 
Energy Services in Dallas, TX, modified in accordance with the teachings of the 
present disclosure, in order to optimally guide the tubular member 1100 to the 
overlap between the tubular member 1 100 and the casing 1012, optimally fhiidicly 
5 isolate the interior of the tubular member 1100 after the latch down plug has 
seated, and optimally permit drilling out of the shoe 1115 after completion of the 
expansion and cementing operations. 

In a preferred embodiment, the shoe 1115 includes one or more side outlet 
ports 1 140 in fluidic communication with the fluid passage 1 135. In this manner, 

10 theshoe 11 15 injects hardenableflxiidic sealing material into the region outside the 
shoe 1115 and tubiilar member 1110. In a preferred embodiment, the shoe 1115 
includes one or more of the fluid passages 1140 each having an inlet geometry that 
can receive a dart and/or a ball acalingmember . In this manner, the fluid passages 
1140 can be sealed off by infatxiucinga plug, dart and/or ball sealing elements into 

15 the fluid passage 1130. 

The cup seal 1120 is coupled to and supportedby the support member 1150. 
The cup seal 1 120 prevents foreign materials from entering the interior region of 
the tubular member 11 10 adjacent to the expandable mandrel 1105. Thecupseal 
1120 may comprise any number of conventional commercially available cup seals 

20 such as, for example, TP cups or Selective Injection Packer (SIP) cups modified in 
accordance with the teachings of the present disclosure. In a preferred 
embodiment, the cup seal 1120 comprises a SIP cup, available from HalUburton 
Energy Services in Dallas, TX in order to optimally provide a barrier to debris and 
contain a body of lubricant. 

25 The fluid passage 1130 permits fluidic materials to be transported to and 
from the interior region of the tubular member 1110 below the expandable 
mandrel 1105. The fluid passage 1130 is coupled to and positioned within the 
support member 1 150 and the expandable mandrel 1 105. The fluid passage 1 130 
preferably extends from a position adjacent to the surface to the bottom of the 

30 expandable mandrel 1105. The fluid passage 1130 is preferably positioned along 
a centerline of the apparatus 1100. The fluid passage 1130 is preferably selected 
to transport materials such as cement, drilling mud or epoxies at flow rates and 
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pressures ranging from about 0 to 3,000 gaUona/minute and 0 to 9,000 psi in order 
to optimally provide sufficient operating pressures to circulate fluids at 
operationally efficient rates. 

The fluid passage 1 136 permits fluidic materials to be transmitted from fluid 
5 passage 1130 to the interior of the tubular member 11 10 below the mandrel 1106. 
The fluid passages 1140 permits fluidic materials to be transported to and 
from the region exterior to the tubular member 1110 and shoe 1115. The fluid 
passages 1140 are coupled to and positioned within the shoe 1115 in flmdic 
communication with the interior region of the tubular member 1110 below the 
10 expandable mandrel 1105. The fluid passages 1140 preferably have a cross- 
sectional shape that permits a plug» or other similar device, to be placed in the fluid 
passages 1140 to thereby block ftirther passage of fluidic materials. In this 
manner, the interior region of the tubular member 1110 below the expandable 
mandrel 1105 can be fluididy isolated from the region exterior to the tubular 
15 member 1105. This permits the interior region of the tubular member 1110 below 
the expandable mandrel 1105 to be pressurized. 

The fluid passages 1 140 are preferably positioned along the periphery of the 
shoe 1116. The fluid passages 1140 are preferably selected to conv^ materials 
such as cement, drilling mud or epoxies at flow rates and pressures raiiging from 
20 about 0 to 3,000 gallons/minute and 0 to 9,000 psi in order to optimaUy fill the 
annular region between the tubular member 11 10 and the tubular liner 1008 with 
fluidic materials. In a preferred embodiment, the fluid passages 1140 include an 
inlet geometry that can receive a dart and/or a ball sealing member. In this 
manner, the fluid passages 1140 can be sealed off by introducing a plug, dart 
25 and/or ball sealing elements mto the fluid passage 1130. In a preferred 
embodiment, the apparatus 1100 includes a plurality of fluid passage 1140. 

In an alternative embodiment, the base of the shoe 1115 includes a single 
inlet passage coupled to the fltiid passages 1140 that is adapted to receive a plug, 
or other similar device, to permit the interior region of the tubular member 1110 
30 to be fluididy isolated from the exterior of the tubular member 1110. 

The seals 1145 are coupled to and supported by a lower end portion of the 
tubular member 1110. The seals 1145 are further positioned on an outer surface 
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of the lower end portion of the tubular member 1110. The seals 1145 permit the 
overlapping joint between the upper end portion of the casing 1012 and the lower 
end portion of the tubular member 1110 to be fluidicly sealed. 

The seals 1145 may comprise any niunber of conventional conmiercially 
5 available seals such as, for example, lead, rubber, Teflon or epoxy seals modified 
in accordance with the teachings of the present disclosure. In a preferred 
embodi ment, the seals 1 1 45 comprise seals molded from S tratalock epoxy available 
from Halliburton Energy Services in Dallas, TX in order to optimally provide a 
hydraulic seal in the overlappingjoint and optimally provide load canyingcapacity 
10 to withstand the range of t3rpical tensUe and compressive loads. 

In a preferred embodiment, the seals 1 145 are selected to optimally provide 
a sufficient frictional force to support the expanded tubular member 11 10 from the 
tubular liner 1008. In apreferred embodiment, the frictional force provided by the 
seals 1145 ranges from about 1,000 to 1,000,000 Ibf in tension and compression in 
15 order to optimally support the expanded tubular mraiber 1110. 

The support member 1150 is coupled to the expandable mandrel 1105, 
tubular member 1110, shoe 1115, and seal 1120. The support member 1150 
preferably comprises an annular member having sufficient strength to cany the 
apparatus 1100 into the wellbore 1000. In a preferred embodiment, the support 
20 member 1150 further includes one or more conventional centralizers (not 
illustrated) to help stabiliie the tubular member 1110. 

In a preferred embodiment, a quantity of lubricant 1150 is provided in the 
annular r^on above the expandable mandrel 1105 within the interior of the 
tubular member 1110. In this manner, the extrusionof the tubular member 1110 
25 ofif of the expandable mandrel ^ 105 is facilitated. The hibricant 1150 may 
comprise any number of conventional cojnmerdally available hibricants such as, 
for example, Lubriplate, chlorine based lubricants or Climax 1500 Antiseize (3100). 
In a preferred embodiment, the lubricant 1150 comprises (^maz 1500 Antiseize 
(3100) available from Climax Lubricants and Equipment Co. in Houston, TX in 
30 order to optimally provide lubrication for the extrusion process. 

In a preferred embodiment, the support member 1150 is thoroughly cleaned 
prior to assembly to the remaining portions of the apparatus 1100. In this 
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manner, the mtroduction of foreign material into the e^iparatua 1 100 is mininuzed. 
This minimizes the possibility of foreign material clogging the various flow 
passages and valves of the apparatus 1 100 and to ensure that no foreign material 
interferes with the expansion mandrel 1105 during the extrusion process. 

5 In a particularly preferred embodiment, the apparatus 1100 includes a 
packer 1156 coupled to the bottom section of the shoe 1116 for nuidicly isdating 
the region of the wellbore 1000 below the apparatus 1100. In this manner, fluidic 
materials are prevented from entering the region of the weDbore 1000 below the 
apparatus 1100. The packer 1155 may comprise any number of conventional 

10 commercially avaOable packers such as, for example, EZ Drill Packer, EZ SV 
Packer or a drillable cement retainer. In a preferred embodiment, the packer 
1 1 55 comprises an EZ Drill Packer available from Halliburton Energy Services in 
Dallas, TX. In an alternative embodiment, a high gd strength pill may be set 
below the tie-back bi place of the packer 1155. In another alternative embodiment, 

15 the packer 1155 may be omitted. 

In a preferred embodiment, before or after positioning the apparatus 1 100 
within the weUbcre 1100. a couple of wellbore vohunes are circulated in order to 
ensure that no foreign materials are located within the wellbore 1000 that mi^t 
clog up the various flow passages and valves of the apparatus 1100 and to ensure 

20 that no foreign material interferes with the operation of the expansion mandrel 
1105. 

As iDustrated in Fig. 10c, a hardenable fluidic sealing material 1 160 is then 
pumped from a surface location mto the fluid passage 1130. The material 1160 
then passes from the fluid passage 1130 into the interior region of the tubular 

25 member 11 10 below the expandable mandrel 1105. The material 1160 then passes 
from the interior region of the tubularmember 1110 Into the fluid passages 1140. 
The material 1160 then exits the apparatus 1100 and fills the annular repon 
between the exterior of the tubular member 1110 and the interior wall of the 
tubular liner 1008. Continued pumping of the material 1160 causes the material 

30 1 160 to fill up at least a portion of the annular region. 

The material 1160 may be pumped into.the annular region at pressuresand 
flow rates ranging, for example, fti>m about 0 to 5,000 psi and 0 to 1,500 
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gallons/znin, respectively. In a preferred embodiment, the material llBOispumped 
into the annular region at pressures and flow rates specifically designed for the 
casing sizes being run, the annular spaces being filled, the pumpiqg equipment 
available, and the properties of the fluid being pumped. The optimum flow rates 
5 and pressures are preferably calculated using conventional empirical methods. 

The hardenable fluidic sealing material 1160 may comprise any number of 
conventional commercially available hardenable fluidic sealing materials such as, 
for example, slag mix, cement or epoxy. In a preferred embodiment, the 
hardenable fluidic sealing material 1160 comprises blended cements specifically 
10 designed for well section being tied-back, available from Halhl)urton Energy 
Services in Dallas, TX in order to optimally provide proper support for the tubular 
member 1110 while maintafaiing optimum flow characteristics so as to minimize 
operational difficulties during the displacement of cement in the annular region. 
The optimum blend of the blended cements are preferably determined Hiring 
15 conventional empirical methods. 

The annular region may be filled with the material 1160 in sufficient 
quantities to ensure that, upon radial expansion of the tubular member 1110, the 
annular region wm be filled with materia! 1160. 

As illustrated in Fig. lOd, once the annular region has been adequately filled 
20 withmaterial 1160,oneormorephig8 1165, or other omDar devices, preferably are 
introduced into the fluid passages 1140 thereby fluidicly isolating the interior 
region of the tubular member 1 1 10 fix>m the annular region external to the tubular 
member 1110. In apreferred embodiment, a non hardenable fluidic material 1161 
is then pumped into the interior region of the tubular member 1110 below the 
25 mandrel 1105 causing the mterior region to pressurize. In a particularly preferred 
embodiment, the one or more plugs 1165, or other similar devices, are introduced 
into the fluid passage 1140 with the introduction of the non hardoiable fluidic 
material. In this manner, the amount of hantenable fluidic material within the 
interior of the tubular member 1110 is minimized. 
30 As iUustrated in Fig. lOe, once the interior region becomes sufficiently 
pressurized, the tubular member 1110 is extruded olT of the expandable mandrel 
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1 105. During the extrusion process, the eipandable mandrel 1 105 is raised out of 
the exi>anded portion of the tubular member 1 1 10. 

The plugs 1165 are preferably placed into the fluid passages 1140 by 
introducing the plugs 1165 into the fluid passage 1130 at a surface location in a 
5 conventional manner. The plugs 1165 may comprise any number of conventional 
commercially available devices from plugging a fluid passage such as, for example, 
brass balls, plugs, rubber balls, or darts modiiled in accordance with the teachings 
of the present disclosure. 

In a preferred embodiment, the phigs 1165 comprise low density rubber 
10 balls. In an alternative embodiment, for a shoe 1105 having a CMmnon central 
inlet passage, the plugs 1165 comprise a angle latch down dart. 

After placement of the plugs 1165 in the fluid passages 1140, the non 
hardenable fluidic material 1161 is preferably pumped into the interior region of 
the tubular member 1110 below the mandrel 1105 at pressures and flow rates 
15 ranging from approjtimately 500 to 9,000 psi and 40 to 3,000 gallona^un. 

Inapreferred embodiment, after placement of the phigs 1166 in the fluid passages 
1140, the non hardenable fluidic material 1161 is preferably pumped into the 
interior region of the tubular member 1110 below the mandrd 1105 at pressures 
and flow rates ranging from approximately 1200 to 8600 psi and 40 to 1250 
20 gallona/min in order to optimally provide extrusion of typical tubulars. 

For typical tubular members 1110, the extrusion of the tubular member 
1110 off of the expandable mandrel 1105 will begin when the pressure of the 
interior region of the tubular member 1110 below the mandrel 1105 reaches, for 
example, approximately 1200 to 8500 psi. In a preferred embodiment, the 
25 extrusion of the tubular member 1110 off of the expandable mandrel 1105 begins 
when the pressure of the interior region of the tubular member 1110 below the 
mandrel 1105 reaches approximately 1200 to 8500 psi. 

During the eactrusion process, the expandable mandrel 1105 may be raised 
out of the expanded portion of the tubular member 1110 at rates ranging, for 
30 example, from about0to5ft/sec. In a preferred embodiment, during the extrusion 
process, the eipaAdable mandrel 1105 is raised out of the expanded portion of the 
tubular member 1 1 10 at rates rangingfrom about 0 to 2 ft/sec in order to optimally 
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provide permit adjustment of operational parameters, and optimally ensure that 
the extrusion process will be completed before the material 1160 cures. 

In a preferred embodiment, at least a portion 1180 of the tubular member 
1 1 10 has an internal diameter less than the outfflde diameter of the mandrel 1 105. 
5 In this manner, when the mandrel 1105 expands the section 1180 of the tubular 
member 1 1 10, at least a portion of the expanded section 1 180 effects a seal with at 
least the wellbore casing 1012. In a particularly preferred embodiment, the seal 
is eiTected by compressing the seals 1016 between the expanded section 1180 and 
the wellbore casing 1012. In a preferred embodiment, the contact pressure of the 
10 joint between the expanded section 1180 of the tubular member 1110 and the 
casing 1012 ranges from about 500 to 10,000 psi in order to optimally provide 
pressure to activate the sealing members 1145 and provide optimal resistance to 
ensure that the joint will withstand typical extremes of tensile and compressive 
loads. 

15 In an alternative preferred embodiment, substantially all of the entire 

length of the tubular member 1110 has an internal diameter less than the outside 
diameter of the mandrel 1105. In this manner, extrusion of the tubular member 
1110 by the mandrel 1105 results in contact between substantially all of the 
expanded tubular member 1110 and the existing casing 1008. In a preferred 

20 embodiment, the contact pressure of the joint between the expanded tubular 
member 1110 and the casings 1008 and 1012 ranges from about 500 to 10,000 psi 
in order to optimally provide pressure to activate the sealing members 1 145 and 
provide optimal resistance to ensure that the joint will withstand typical extremes 
of tensile and compressive loads. 

25 In a preferred embodiment, the operating pressure and flow rate of the 

material 1161 is controllably ramped down when the expandable mandrel 1106 
reaches the upper end portion of the tubular member 11 10. In this manner, the 
sudden release of pressure caused by the complete extrusion of the tubular 
member 1110 off of the expandable mandrel 1105 can be minimized. In a 

30 preferred embodiment, the operating pressure of the fluidic material 1161 is 
reduced in a substantially Unear fashion from 100% to about 10% during the end 
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of the extrusion process beginning when the mandrel 1105 has completed 
approximately all but about 6 feet of the extrusion process. 

Alternatively, or in combination, a shock absorber is provided in the support 
member 1150 in order to absorb the shock caused by the sudden release of 
5 pressure. 

Alternatively, or in combination, a mandrel catching structure is provided 
in the upper end portion of the tubular member 1 110 in order to catch or at least 
decelerate the mandrel 1105. 

Referring to Fig. lOf. onoe the extrusion process is completed, the 

10 expandable mandrel 1105 is removed from the wellbore 1000. In a preferred 
embodiment, either before or after the removal of the expandable mandrel 1105, 
the integrity of the fluidic seal of the joint between the upper portion of the tubular 
member lllO and the upper portion of the tubular liner 1108 is tested using 
conventional methods. If the fluidic seal of the joint between the upper portion of 

15 the tubidar member 1110 and the upper portion of the tubular liner 1008 is 
satisfactoty, then the uncured portion of the material 1160 within the expanded 
tubular member 1110 is then removed in a conventional manner. The material 
1 160 within the annular region between the tubular member 1 1 10 and the tubular 
liner 1008 is then allowed to cure. 

20 As illustrated in Fig. lOf, preferably any remaining cured material 1160 

within the interior of the expanded tubular member 1110 is then removed in a 
conventionalmannerusingaconventional drill string. The resultingtie-back liner 
of casing 1 170 inchides the expanded tubular member 11 10 and an outer annular 
layer 1175 of cured material 1160. 

25 As illustrated in Fig. lOg, the remaining bottom portion of the apparatus 

1100 comprising the shoe 1115 and packer 1155 is then preferably removed by 
drilling out the shoe 1115 and packer 1155 using conventional drilling methods. 

In a particularly preferred embodiment^ the apparatus 1100 incorporates the 
apparatus 900. 

30 Referring now to Figs. Ila-llf,anembodimentofanapparatusandm6thod 

for hanging a tubular liner off of an existing wellbore casing wiU now be described. 
As illustrated in Fig. 11a, a wellbore 1200 is positioned in a subterranean 
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formation 1205. The wellbore 1200 includes an eidgting cased section 1210 having 
a tubular casing 1215 and an annular outer layer of cement 1220. 

In order to extend the wellbore 1200 into the subterranean formation 1205, 
a drill string 1225 is used in a well known manner to drill out material from the 
5 subterranean formation 1205 to form a new section 1230. 

As illustrated in Fig. lib, an apparatus 1300 for forming a wellbore casing 
in a subterranean formation is then positioned in the new section 1230 of the 
wellbore 100, The apparatus 1300 preferably includes an expandable mandrel or 
pig 1305, a tubular member 1310, a shoe 1315, a fluid passage 1320, a fluid passage 
10 1330, a fluid passage 1335, seals 1340, a 5UH)ort member 1346, and a wiper phig 
1350. 

The expandable mandrel 1305 is coupled to and supported by the support 
member 1345. The expandable mandrel 1306 is preferably adapted to controUably 
expand in a radial direction. The expandable mandrel 1305 may comprise any 

15 munber of conventional commercially available expandable mandreb modified in 
_ accordance with the teachings of the present disclosure. In a preferred 

embodiment, the expandable mandrel 1305 comprises a hydraulic expansion tool 
substantially as disclosed in VS. Pat. No. 5,348,095, the disclosure of which is 
incorporated herein by reference, modified in accordance with the teachings of the 

20 present disclosure. 

The tubular member 1310 is coupled to and supported by the expandable 
mandrel 1305. The tubular member 1310 is preferably expanded in the radial 
direction and extruded off of the expandable mandrel 1305. The tubular member 
ISlOmay be fabricated fromany number of materials such as, for example, Oilfield 

25 Country Tubular Goods (OCTG), 13 chromium steel, tubing/casing or plastic 
casing. In a preferred embodiment, the tubular member 1310 is fabricated from 
OCTG. The inner and outer diameters of the tubular member 1310 may range, for 
example, from approximately 0.75 to 47 inches and 1.05 to 48 inches, respectively. 
In a preferred embodiment, the inner and outer diameters of the tubular member 

30 1310 range from about 3 to 15.5 mches and 3.5 to 16 indies, respectively in order 
to optimally provide minimal telescoping effect in the most commonly encountered 
wellbore sizes. 
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In a preferred embodiment, the tubular member 1310 includes an upper 
portion 1355, an intermediate portion 1360, and a lower portion 1365. In a 
prefen^ embodiment, the wall thickness and outer diameter of the upper portion 
1355 of the tubular member 1310 range from about 3/8 to 1 V4 inches and 3 V4 to 

5 16 inches, respectively. In a preferred embodiment, the wall thickness and outer 
diameter ofthe intermediate portion 1360 ofthc tubular member 1310rangefrom 
about 0.625 to 0.75 inches and 3 to 19 inches, rcspecth^ely. In a preferred 
embodiment, the wall thickness and outer diameter ofthe lower portion 1365 of 
the tubular member 1310 range from about 3/8 to 1.5 inches and 3.5 to 16 inches, 

10 respectively. 

In a particularly preferred embodiment, the outer diameter of the lower 
portion 1365 of the tubxilar member 1310 is significantly less than the outer 
diameters ofthe upper and intermediate portions, 1355 and 1360, ofthe tubular 
member 1310 in orfer to optimize the formation of a concentric and overlapping 

15 arrangement of wellbore casings. In this manner, as will be described below with 
reference to Figs. 12 and 13, a wellhead qrstem is optimally provided. In a 
preferred embodiment, the formation ofa wellhead qrstem does not include the use 
of a hardenable fluidic material. 

In a particularly preferred embodiment, the wall thickness of the 

20 intermediate section 1360 ofthe tubular member 1310 is less than or equf' to the 
wall thickness of the upper and lower sections, 1355 and 1365. of the tubular 
member 1310 in order to optimally fadliate the initiation ofthe extrusion process 
and optimally permit the placement of the apparatus in areas of the wellbore 
having tight clearances. 

25 The tubular member 1310 preferably comprises a solid member. In a 

preferred embodiment, the upper end portion 1355 ofthe tubular member i310 is 
slotted, perforated, or otherwise modified to catch or slow down the mandrel 1305 
when it completes the extrusion of tubular member 1310. In a preferred 
embodiment, the length ofthe tubular member 1310 is limited to minimize the 

30 possibility of buckling. For typical tubular member 1310 materials, the length of 
the tubular member 1310 is preferably limited to between about 40 to 20,000 feet 
in length. 
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The shoe 1315 is coupled to the tubular member 1310. The shoe 1315 
preferably includes fluid passages 1330 and 1335. The shoe 1315 may comprise 
any number of conventional commercially available shoes such as, for example. 
Super Seal II float shoe, Super Seal n Down-Jet float shoe or guide shoe with a 
5 sealing sleeve for a latch-down phig modified in accordance with the teachings of 
the present disclosure. In a preferred embodiment, the shoe 1315 comprises an 
aluminum down-jet guide shoe with a sealing sleeve for a latch-down plug available 
from Halliburton Energy Services in Dallas, TX, modified in accordance with the 
teachings of the present disclosure, in order to optimally guide the tubular member 

10 1310 into the wellbore 1200, optimally fluidicly isolate the interior of the tubular 
member 1310, and optimally permit the complete drill out of the shoe 1315 upon 
the completion of the extrusion and cementing operations. 

In a preferred embodunent, the shoe 1315 further includes one or more side 
outlet ports in fluidic communication with the fluid passage 1330. In this manner, 

15 the shoe 1315 preferab^r injects hardenable fluidic sealing material into the region 
outside the shoe 1316 and tubular member 1310. In a preferred embodiment, the 
shoe 1315 includes the fluid passage 1330 having an inlet geometry that can 
receive a fluidic sealing member. In this manner, the fluid passage 1330 can be 
sealed off by introducing a plug, dart and/or ball sealing elements mto the fluid 

20 passage 1330. 

The fluid passage 1320 permits fluidic materials to be transported to and 
from the interior region of the tubular member 1310 below the expandable 
mandrel 1305. The fluid passage 1320 is coupled to and positioned withm the 
support member 1345 and the expandable mandrel 1305. The fluid passage 1320 

25 preferably extends from a position at^jacent to the surface to the bottom of the 
expandable mandrel 1305. The fluid passa^^ 1320 is preferably positioned along 
a centerline of the apparatus 1300. The fluid passage 1320 is preferably selected 
to transport materials such as cement, drilling mud, or epoxies at flow rates and 
pressures ranging from about 0 to 3.000 gallons/ininute and 0 to 9,000 pd in order 

30 to optimally provide sufficient operating pressures to circulate fluids at 
operationally efficient rates. 
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The fluid passage 1330 permits fluidic materials to be transported to and 
from the region exterior to the tubular member 1310 and shoe 1315. The fluid 
passage 1330 is coupled to and positioned within the shoe 1315 in fluidic 
communication with the interior region 1370 of the tubular member 1310 below 
5 the expandable mandrel 1305. The fluid passage 1330 preferably has a cross- 
sectional shape that permits a plug, or other similar device, to be placed in fluid 
passage 1330 to thereby block further passage of fluidic materials. Inthismanner, 
the interior region 1370 of the tubular member 1310 below the eiqpandable 
mandrel 1305 can be fluidicly isolated from the region exterior to the tubular 
10 member 1310. This permits the interior region 1370 of the tubular member 1310 
below the expandable mandrel 1305 to be pressurized. The fluid passage 1330 is 
preferably positioned substantially along the centerline of the apparatus 1300. 

The fluid passage 1330 is preferably selected to convey materials such as 
cement, drilling mud or epoxies at flow rates and pressures ranging from about 0 
15 to 3,000 gallona^minute and 0 to 9,000 psi in order to optimally fill the annular 
region between the tubular member 1310 and the new section 1230 of the wellbore 
1200 with fluidic materials. In a preferred embodiment, the fluid passage 1330 
includes an inlet geometry that can receive a dart and/or a ball sealing member. 
In this manner, the fluid passage 1330 can be sealed ofl'by introducing a plug, dart 
20 and/or ball sealing elements into the fluid passage 1320. 

The fluid passage 1335 permits fluidic materials to be transported to and 
from the region exterior to the tubular member 1310 and shoe 1315. The fluid 
passage 1335 is coupled to and positioned within the shoe 1315 in fluidic 
communication with the fluid passage 1330. The fluid passage 1335 is preferably 
25 positioned substantially along the centerline of the apparatus 1300. The fluid 
passage 1335 is preferably selected to convey materials such as cement, drilling 
mud or epoxies at flow rates and pressures ranging from about 0 to 3,000 
gallons/minute and 0 to 9,000 psi in order to optimally fill the annular region 
between the tubular member 1310 and the new section 1230 of the wellbore 1200 
30 with fluidic materials. 

The seals 1340 are coupled to and supported by the upper end portion 1355 
of the tubular member 1310. The seals 1340 are fiurther positioned on an outer 
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surface ofthe upper end portion 1355 ofthe tubular member 1310. Thesealsl340 
permit the overlapping joint between the lower end portion ofthe casing 1215 and 
the upper portion 1355 of the tubular member 1310 to be fluididy sealed. The 
seals 1340 may comprise any number of conventional conunerdally available seals 
5 such as» for example, lead, rubber, Teflon, or epoxy seals modified in accordance 
with the teachings ofthe present disclosure. In a preferred embodiment, the seals 
1340 comprise seals molded from Stratalock epoxy available from Halliburton 
Energy Services in Dallas, TX in order to optimally provide a hydraulic seal in the 
annulus ofthe overlapping joint while also creating optimal load bearing capability 
10 to withstand typical tensile and compressive loads. 

In a preferred embodiment, the seals 1340 are selected to optimally provide 
a sufficient frictions! force to support the expanded tubular member 1310 from the 
existing casing 1215. In a preferred embodiment, the frictional force provided by 
the seals 1340 ranges from about 1,000 to 1,000,000 Ibf in order to optimally 
15 support the expanded tubular member 1310. 

The support member 1345 is coupled to the expandable mandrel 1305, 
tubular member 1310, shoe 1315, and seals 1340. The su^wrt member 1345 
preferably comprises an annxilar member having sufficient strength to carry the 
apparatus 1300 into the new section 1230 of the weUbore 1200. In a preferred 
20 embodiment, the support member 1345 further includes one or more conventional 
centralizers (not illustrated) to help stabilize the tubular member 1310. 

In a preferred embodiment, the support member 1345 is thoroughly cleaned 
prior to assembly to the remaining portions of the apparatus 1300. In this 
manner, the introduction of foreign material into the apparatus 1300 is minimized. 
25 This minimizes the possibility of foreign material clogging the various flow 
passages and valves ofthe apparatus 1300 and to ensure that no foreign material 
interferes with the expanraon process. 

The wiper plug 1350 is coupled to the mandrel 1305 within the interior 
region 1370 of the tubular member 1310. The wiper plug 1350 includes a fluid 
30 passage 1375 that is coupled to the fluid passage 1320. The wiper plug 1350 may 
comprise one or more conventional commercially available wiper phigs such as, for 
example, Multiple Stage Cementer latch-down plugs, Omega latch-down plugs or 
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three-wiper latch-down plug modified in accordance with the teachings of the 
present disclosure. In a preferred embodiment, the wiper plug 1350 comprises a 
Multiple Stage Cementer latch-down plug available from Halliburton Energy 
Services in Dallas, TX modified in a conventional manner for releasable 
5 attachment to the expansion mandrel 1305. 

In a preferred embodiment, before or afler positioning the apparatus 1300 
within the new section 1230 of the wellbore 1200, a couple of wellbore volumes are 
circulated in order to ensure that no ^foreign materials are located within the 
wellbore 1200 that might clog up the various flow passages and valves of the 
10 apparatus 1300 and to ensure that no foreign material interferes with the 
extrusion process. 

As illustrated in Fig. 11c. a hardenable fluidic sealing material 1380 is then 
pumped from a surface location into the fluid passage 1320. The material 1380 
then passes from the fluid passage 1320, through the fluid passage 1375, and into 

15 the interior region 1370 of the tubular member 1310 below the expandable 
mandrel 1305. The material 1380 then passes from the interior region 1370 into 
the fluid passage 1330. The material 1380 then exits the apparatus 1300 via the 
fluid passage 1335 and fills the ftWT^nlor region 1390 between the exterior of the 
tubular member 1310 and the interior wall of the new section 1230 of the wellbore 

20 1200. Continued pumping of the material 1380 causes the material 1380 to lill up 
at least a portion of the annular region 1390. 

The naateria) 1380 may be pimiped into the annular region 1390 at 
pressures and flow rates ranging, for example, from about 0 to 5000 psi and 0 to 
1,500 gaUons/min, respectively. In a preferred embodiment, the material 1380 is 

25 pimiped into the annular r^on 1390 at pressures and flow rates ranging from 
about 0 to 5000 psi and 0 to 1,500 gaUons/min, respectively, in order to optimally 
fill the annular region between the tubular member 1310 and the new section 1230 
of the wellbore 1200 with the hardenable flmdic sealing material 1380. 

The hardenable fluidic sealing material 1380 may comprise any number of 

30 conventional commercially available hardenable fluidic sealing materials such as, 
for example, slag mix, cement or epoxy. In a preferred embodiment, the 
hardenable fluidic sealing material 1380 comprises blended cements designed 
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specifically for the well section being drilled and available from Halliburton Energy 
Services in order to optimally provide support for the tubular member 1310 during 
displacement of the material 1380 in the annular region 1390. The optimum blend 
of the cement is preferably determined using conventional empirical methods. 
5 The annular region 1390 preferably is filled with the material 1380 in 

sufficient quantities to ensure that, upon radial expansion of the tubular member 
1310, the annular region 1390 of the new section 1230 of the wellbore 1200 will be 
fiUed with material 1380. 

As illustrated in Fig. lid, once the annular region 1390 has been adequately 

10 filled with material 1380, a wiper dart 1395, or other similar device, is introduced 
into the fluid passage 1320. The wiper dart 1395 is preferably pimiped through the 
fluid passage 1320 by a nonhardenablefluidic material 1381. The wiper dart 1395 
then preferably engages the wiper plug 1350. 

As iUustrated in Fig. lie, in a preferred embodiment, engagement of the 

15 wiper dart 1395 with the wiper plug 1350 causes the wiper plug 1350 to decouple 
from the mandrel 1305. The wiper dart 1395 and wiper plug 1350 then preferably 
will lodge in the fluid passage 1330, thereby blocking fluid flow through the flxiid 
passage 1330, and fluidicly isolating the interior region 1370 of the tubular 
member 1310 fit>m the annular region 1390. In a preferred embodiment, the non 

20 hardenable fluidic material 1381 is then pumped into the interior region 1370 
causing the interior region 1370 to pressurize. Once the interior region 1370 
becomes sufficiently pressurized, the tubular member 1310 is extruded ofi'of the 
expandable mandrel 1305. During the extrusion process, the expandable mandrel 
1305 is raised out of the expanded portion of the tubiilar member 1310 by the 

25 support member 1345. 

The wiper dart 1395 is preferably placed into the fluid passage 1320 by 
introducing the wiper dart 1395 into the fluid passage 1320 at a surface location 
in a conventional manner. The wiper dart 1395 may comprise any number of 
conventional commercially available devices firom plugging a fluid passage such as, 

30 for example, Midtiple Stage Cementer latch-down plugs. Omega latchniown plugs 
or three wiper latch-down plug/dart modified in accordance with the teachings of 
the present disclosure. In a preferred embodiment, the wiper dart 1 395 comprises 
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a three wiper latch-down phig modified to latch and seal in the Multiple Stage 
Cementer latch down plug 1350. The three wiper Utch-down plug is avaihible 
from Hallibxuton Energy Services in Dallas, TX. 

After blocking the fluid passage 1330 using the wiper phig 1330 and wiper 
5 dart 1395, the non hardenable fluidic material 1381 may be pumped into the 
interior region 1370 at pressures and flow rates langing, for example, from 
approximately 0 to 5000 psi and 0 to 1,500 galloM/min In order to optimaUy 
extrude the tubular member 1310 off of the mandrel 1305. In this manner, the 
amount of hardenable fluidic material within the interior of the tubular member 
10 1310 is minimized. 

In a preferred embodiment, after blocking the fluid passage 1330, the non 
hardenable fluidic material 138 1 is preferably pumped into the interior region 1370 
at pressures and flow rates ranging from approximately 500 to 9,000 psi and 40 to 
3,000 gallons/min in order to optimally provide operating pressures to maintain 
15 the expansion process at rates sufficient to permit adjustments to be made in 
operating parameters during the extrusion process. 

For typical tubular members 1310, the extrusion of the tubular membor 
1310 off of the expandable mandrel 1305 will begin when the pressure of the 
interior region 1370 reaches, for example, approximately 500 to 9,000 psi. In a 
20 preferred embodiment, the extrusion of the tubular member 1310 off of the 
expandable mandrel 1305 is a function of the tubular member diameter, waU 
thickness of the tubular member, geometry of the mandrel, the type of hibricant, 
the composition of the shoe and tubular member, and the yield strength of the 
tubular member. The optimum flow rate and operating pressures are preferably 
25 determined using conventional empirical methods. 

During the extrusion process, the expandable mandrel 1305 may be raised 
out of the expanded portion of the tubuhu- member 1310 ai rates ranging, for 
example, from about 0 to 5 ft/sec. In a preferred embodiment, during the extrusion 
process, the expandable mandrel 1305 may be raised out of the expanded portion 
30 of the tubular member 1310 at rates ranging from about 0 to 2 ft/sec in order to 
optimaUy provide an efficient process, optimally permit operator adjustment of 
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operation parameters, and ensure optimal completion of the extrusion process 
before curing of the material 1380. 

When the upper end portion 1355 of the tubular member 1310 is extruded 
off of the expandable mandrel 1305, the outer surface of the upper end portion 
5 1355 of the tubular member 1310 will preferably contact the interior surface of the 
lower end portion of the casing 1215 to form an fluid tight overlapping joint. The 
contact pressure of the overlapping joint may range, for example, from 
approximately 50 to 20,000 psi. In a preferred embodiment, the contact pressure 
of the overlapping joint ranges from approximately 400 to 10,000 psi in order to 

10 optimally provide contact pressure sufficient to ensure annular sealing and provide 
enough resistance to withstand typical tensile and compressive loads. In a 
particularly preferred embodiment, the sealing members 1340 will ensure an 
adequate fluidic and gaseous seal in the overlapping joint. 

In a preferred embodiment, the operating pressure and flow rate of the non 

15 hardenablefluidicmaterial 1381 is controUably ramped down when the expandable 
mandrel 1305 reaches the upper end portion 1355 of the tubular member 1310. In 
this manner, the sudden release of pressure caused by the complete extrusion of 
the tubular member 1310 off of the expandable mandrel 1305 can be minimized. 
In a preferred embodiment, the operating pressure is reduced in a substantially 

20 linear fashion from 100% to about 10% during the end of the extrusion process 
beginning \rfxen the mandrel 1305 has completed approximately all but about 6 
feet of the extrusion process. 

Alternatively, or in combination, a shock absorber is provided in the support 
member 1345 in order to absorb the shock caused by the sudden release of 
25 pressure. 

Alternatively, or in combinaUon, a mandrel catching structure is provided 
in the upper end porUon 1355 of the tubular member 1310 in order to catch or at 
least decelerate the mandrel 1305. 

Once the extrusion process is completed, the expandable mandrel 1305 is 
30 removed from the weUbore 1200. In a preferred embodiment, either before or after 
the removal of the expandable mandrel 1305, the integrity of the fluidic seal of the 
overlapping joint between the upper portion 1355 of the tubular member 13 10 and 
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the lower portion of the casing 1215 is tested using conventional methods. If the 
fluidic seal of the overlapping joint between the upper portion 1355 of the tubular 
member 1310 and the lower portion of the casing 1215 is aatisfactoty, then the 
uncured portion of the material 1380 within the expanded tubular member 1310 

5 is then removed in a conventional manner. The material 1380 vrithin the annular 
region 1390 is then allowed to cure. 

As illustrated in Fig. llf, preferably any remaining cured material 1380 
within the interior of the expanded tubular member 1310 is then removed in a 
conventional manner using a conventional drill string. The resulting new section 

10 of casing 1400 includes the expanded tubular member 1310 and an outer annular 
layer 1405 of cured material 305. The bottom portion of the apparatus 1300 
comprisingtheshoe 1315 may then be removed by drilling out the shoe ISlSuaing 
conventional drilling methods. 

Referring now to Figs. 12 and 13, a preferred embodiment of a wellhead 

15 qrstem 1500 formed using one or more of the apparatus and processes described 
above with reference to Figs. l-Uf will be described. The wellhead system 1500 
preferably inchides a conventional Christmas tree/drilling spool assembly 1505, a 
thick wall casing 1510, an annular body of cement 1515, an outer casing 1520, an 
annular body of cement 1525, an intermediate casing 1530. and an inner casing 

20 1535. 

The Christmas tree/drilling spool assembly 1505 may comprise any number 
of conventional Christmas tree/drilling spool assemblies such as. for example, the 
SS-15 Subsea Wellhead System. Spool Tree Subsea Production System or the 
Compact Wellhead System avaUable from suppUers such as Dril-Quip, Cameron 

25 orBreda,modifiedinaccordancewiththeteachmgsofthepresentdisclosure. The 
drilUng spool assembly 1505 ispreferably operably coupled to the thick wall casing 
1510and/ortheouter casing 1620. The assembly 1505 may be coupled to the thick 
waU casing 1510 and/or outer casing 1520, for example, by welding, a threaded 
connection or made from single stock. In a preferred embodiment, the assembly 

30 1505 is coupled to the thick wall casing 1510 and/or outer casing 1520 by welding. 

The thick wall casing 1510 is positioned in the upper end of a weUbore 1540. 
In a preferred embodiment, at least a portion of the thick wall casing 1510 extends 
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above the surface 1546 in order to optimally provide easy access and attachment 
to the Christmas tree/drilling spool assembly 1505. The thick wall casing 1510 is 
preferably coupled to the Christmas tree/drilling spool assembly 1505, the annular 
body of cement 1615, and the outer casing 1520. 
5 The thick ¥mll casing 1510 may comprise any number of conventional 

commercially available high strength wellbore casings such as, for example, Oilfield 
Country Tubular Goods, titanium tubing or stainless steel tubing. In a preferred 
embodiment, the thick wall casing 1510 comprises Oilfield Country Tubular Goods 
available from various foreign and domestic steel mills. In a preferred 

10 embodiment, the thick wall casing 1510 has a yield strength of about 40,000 to 
135,000 psi in order to optimally provide maximum burst, collapse, and tensile 
strengths. In a preferred embodiment, the thick wall casing 1510 has a failure 
strength in excess of about 5,000 to 20,000 psi in order to optimally provide 
maximum operating ci4>adty and resistance to degradation of capacity after being 

15 drilled through for an extended time period. 

The annular body of oemuit 1515 provides support for the thick wall casing 
1510. The annular body of cement 1515 may be provided using any nxmiber of 
conventional processes for forming an annular body of cement in a wellbore. The 
annular body of cement 1515 may comprise any number of conventional cement 

20 mixtures. 

The outer casing 1520 is coupled to the thick wall casing 1510. The outer 
casing 1520 may be fabricated from any nximber of conventional commercial^ 
available tubular members modified in accordance with the teachings of the 
present disclosure. In a preferred embodiment, the outer casing 1520 comprises 
25 any one of the expandable tubular members described above with reference to Pigs. 
Mlf 

In a preferred embodiment, the outer casing 1520 is coupled to the thick 
wall casing 1610 by expanding the outer casing 1520 into contact with at least a 
portion of the interior surface of the thick wall casing 1510 using any one of the 
30 embodiments of the processes and apparatus described above with reference to 
Figs. 1-llf. In an alternative embodiment, substantially all of the overlap of the 
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outer casing 1520 with the thick wall casing 1510 contacts with the interior surface 
of the thick wall casing 1510, 

The contact pressure of the interface between the outer casing 1520 and the 
thick wall casing 1510 may range, for example, from about 500 to 10,000 pa. In 
5 a preferred embodiment, the contact pressure between the outer casing 1520 and 
the thick wall casing 1510 ranges from about 500 to 10,000 psi in order to 
optimally activate the pressure activated seaUng members and to ensure that the 
overlapping joint will optimally withstand typical extremes of tensile and 
compressive loads that are experienced during drilling and production operations, 
10 As illustrated in Fig. 13, in a particularly preferred embodiment, the upper 

end of the outer casing 1520 includes one or more sealing members 1550 that 
provide a gaseous and fluidic seal between the expanded outer casing 1520 and the 
interior wall of the thick wall casing 1510. The sealing members 1550 may 
comprise any number of conventional commercially available seals such as, for 
15 example, lead, plastic, rubber. Teflon or epo^, modified in accordance with the 
teachings of the present disclosure. In a preferred embodiment, the sealing 
members 1550 comprise seals molded from StrataLock epoxy available from 
Halliburton Energy Services in order to optimally provide an hydraulic seal and 
a load bearing interference fit between the tubular members. In a preferred 
20 embodiment, the contact pressure of the interface between the thick wall casing 
1510 and the outer casing 1520 ranges from about 500 to 10,000 psi in order to 
optimally activate the sealing members 1550 and also optimally ensure that the 
joint will withstand the typical operating extremes of tensile and compressive loads 
during drilling and production operations. 
25 In an alternative preferred embodiment, the outer casing 1520 and the thick 

walled casing 1510 are combined in one unitary member. 

The annular body of cement 1525 provides support for the outer casing 
1520. In a preferred embodiment, the annular body of cement 1525 is provided 
using any one of the embodiments of the apparatus and processes described above 
30 with reference to Figs. 1-llf. 

The intermediate casing 1530 may be coupled to the outer casing 1520 or 
the thick wall casing 1510. In a preferred embodiment, the intermediate casing 
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1530 is coupled to the thick waU casing 15 10. The intermediate casing 1530 may 
be fabricated from any number of conventional commercially available tubular 
members modified in accordance with the teachings of the present disclosure. In 
a preferred embodiment^ the intermediate casing 1530 comprises any one of the 
5 expandable tubular members described above with reference to Figs. 1-1 If 

In a preferred embodiment, the intermediate casing 1530 is coupled to the 
thick waU casing 1510 by expanding at least a portion of the intermediate casing 
1530 into contact with the interior surface of the thick wall casing 1510 using any 
one of the processes and apparatus described above with reference to Figs. 1-1 If 

10 In an alternative preferred embodiment, the entire length of the overlap of the 
intermediate casing 1530 with the thick wall casing 1510 contacts the inner surface 
of the thick wall casing 1510. The contact pressure of the interface between the 
intermediate casing 1530 and the thick wall casing 1510 may range, for example 
from about 500 to 10,000 psi. In a preferred embodiment, the contact pressure 

15 between the intermediate casing 1530 and the thick wall casing 1510 ranges from 
about 500 to 10,000 psi in order to optimally activate the pressure activated sealing 
members and to optimally ensure that the joint will withstand typical operating 
extremes of tensile and compressive loads experienced during drilling and 
production operations. 

20 As illustrated in Fig. 13, in a particularly preferred embodiment, the upper 

end of the intermediate casing 1530 includes one or more sealing members 1560 
that provide a gaseous and fluidic seal between the expanded end of the 
intermediate casing 1530 and the interior wall of the thick wall casing 1610. The 
sealing members 1560 may comprise any number of conventional commeitdally 

25 available seals such as, for example, plastic, lead, rubber, Teflon or epoxy, modified 
in accordance with the teachings of the present disclosure. In a preferred 
embodiment, the sealing members 1560 comprise seals molded from StrataLock 
epoxy available fix)m Halliburton Energy Services in order to optimally provide a 
hydraulic seal and a load bearing interference fit between the tubular members. 

30 In a preferred embodiment, the contact pressure of the interface between 

the expanded end of the intermediate casing 1530 and the thick wall casing 1510 
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ranges from about 500 to 10,000 psi in order to optimally activate the scaling 
members 1560 and also optimally ensure that the joint will withstand typical 
operating extremes of tensile and compressive loads that are experienced during 
drilling and production oi>erationfl. 
5 The inner casing 1535 may be coupled to the outer casing 1520 or the thick 

wall casing 1510. In a preferred embodiment, the inner casing 1535 is coupled to 
the thick wall casing 1510. The inner casing 1535 may be fabricated from any 
number of conventional commercially available tubular members modified in 
accordance with the teachings of the present disclosure. In a preferred 

10 embodiment, the iimer casing 1535 comprises any one of the expandable tubular 
members described above with reference to Figs. 1-1 If. 

In a preferred embodiment, the inner casing 1536 is coupled to the outer 
casing 1520 by expanding at least a portion of the inner casing 1535 into contact 
with the interior surface of the thick waU casing 1510 ming any one of the 

15 processes and apparatus described above with reference to Figs. 1-1 If. In an 
alternative preferred embodiment, the entire length of the overiap of the inner 
casing 1535 with the thick wall casing 1510 and intermediate casing 1530 contacts 
theinnersurfacesofthethickwallcasingl510andintermediatecasingl530. The 
contact pressure of the interface between the inner casing 1535 and the thick wall 

20 casing 1510 may range, for example from about 500 to 10,000 psi. In a preferred 
embodiment, the contact pressure between the inner casing 1535 and the thick 
wall casing 15 10 ranges from about 500 to 10,000 psi in order to optimally activate 
the pressure activated sealing members and to ensure that the joint wiD withstand 
typical extremes of tensile and compressive loads that are commonly experienced 

25 during drilhng and production operations. 

As illustrated in Fig. 13, in a particularly preferred embodiment, the upper 
end of the inner casing 1535 includes one or more sealing members 1570 that 
provide a gaseous and fluidic seal between the expanded end of the inner casing 
1535 and the interior wall of the thick wall casing 1510. The sealing members 

30 1 570 may comprise any number of conventional commercially available seals such 
as. for example, lead, plastic, rubber, Teflon or epoxy , modified in accordance with 
the teachings of the present disclosure. In a preferred embodiment, the sealing 
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members 1570 comprise seals molded from S.trataLock epoxy avaflable from 
Halliburton Energy Services in order to optimally provide an hydraulic seal and 
a load bearing interference fit. In a preferred embodiment, the contact pressure 
of the interface between the expanded end of the inner casing 1536 and the thick 
5 wall casing 1610 ranges from about 600 to 10,000 psi in order to optimally activate 
the sealing members 1570 and also to optimally ensure that the joint will 
withstand typical operating extremes of tensile and compressive loads that are 
experienced during drilling and production operations. 

In an alternative embodiment, the inner casings, 1520, 1530 and 1535, may 
10 be coupled to a previously positioned tubular member that is in turn coupled to the 
outer casing 1510. More generally, the present preferred embodiments may be 
used to form a concentric arrangement of tubular members. 

Referring now to Figures 14a, 14b, 14c, 14d, 14e and 14f, a preferred 
embodiment of a method and apparatus for forming a mono-diameter well casing 
15 within a subterranean formation will now be described. 

As illustrated in Pig. 14a, a wellbore 1600 is positioned in a subterranean 
formation 1605. A first section of casing 1610 is formed in the wellbore 1600. The 
first section of casing 1610 includes an annular outer body of cement 1615 and a 
tubular section of casing 1620. The first section of casing 1610 may be formed in 
20 the wellbore 1600 using conventional methods and apparatus. In a preferred 
embodiment, the first section of casing 1610 is formed using one or more of the 
methods and apparatus described above with reference to Figs. 1- 13 or below with 
reference to Figs. 14b-17b. 

The annular body of cement 1615 may comprise any number of 
25 conventional comimerciaUy available cement, or other load bearing, compositions. 
Alternatively, the body of cement 1615 may be omitted or replaced with an epo3cy 
mixture. 

The tubular section of casing 1620 preferably includes an upper end 1626 
and a lower end 1630. Preferably, the lower end 1625 of the tubular section of 
30 casing 1620 includes an outer annular recess 1635 extending from the lower end 
1630 of the tubular section of casing 1620. In this manner, the lower end 1625 of 
the tubular section of casing 1620 includes a thin waUed section 1640. In a 
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preferred embodiment, an annular body 1645 of a compressible material is coupled 
to and at least partially positioned within the outer annular recess 1635. In this 
manner, the body of compressible material 1645 surroundaatleast a portion of the 
thin walled section 1640. 

5 The tubular section of casing 1620 may be fabricated from any mmiber of 

convenUonal commercially available materials such as, for example, oilfield 
country tubular goods, stainless steel, automotive grade steel, carbon steel, low 
alloy steel, fiberglass or plastics. In a preferred embodiment, the tubular section 
of casing 1620 is fabricated from oilfield country tubular goods available from 

10 various foreign and domestic steel mills. The wall thickness of the thin walled 
section 1640 may range from about 0.125 to 1.5 inches. In a preferred 
embodiment, the wall thickness of the thin waUed section 1640 ranges from 0.25 
to 1.0 inches in order to optimally provide burst strength for typical operational 
conditions while also mininming resistance to radial expansion. The axial length 

15 of the thin walled section 1640 may range from about 120 to 2400 inches. In a 
preferred embodiment, the axial length of the thin walled section 1640 ranges from 

about 240 to 480 inches. 

The annular body of compressible material 1645 helps to minimise the 
radial force required to expand the tubular casing 1620 in the overiap with the 
20 tubularmember 17 15, helps to create a fluidic seal in the overlap with the tubular 
member 1715, and helps to create an interference fit sufficient to permit the 
tubular member 1715 to be supported by the tubular casing 1620. The annular 
body of compressible material 1645 may comprise any number of commercially 
available compressible materials such as, for example, eposy, rubber, Teflon, 

25 plastics or lead tubes. In a preferred embodiment, the annular body of 
compressible material 1646 comprises StrataLockepoiy available fromHalliburton 
Energy Services in order to optimally provide an bydrauUc seal in the overlapped 
joint while also having compliance to thereby minimize the radial force required 
to expand the tubular casing. The waU thickness of the aimular body of 

30 compressible material 1645 may range from about 0.05 to 0.75 inches. In a 
preferred embodiment, the wall thickness of the annular body of compressible 
material 1645 ranges from about 0.1 to 0.5 inches in order to optimally provide a 
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large compressible zone, minimize the radial forces reqiiired to expand the tubular 
casing, provide thickness for casing strings to provide contact with the inner 
surface of the wellbore upon radial expansion, and provide an hydraulic seal. 

As illustrated in Fig. 14b, in order to extend the wellbore 1600 into the 
5 subterranean fonnation 1605, a drill string is used in a well known manner to drill 
out material from the subterranean fonnation 1605 to form a new wellbore section 
1650. The diameter of the new section 1650 is preferably equal to or greater than 
the inner diameter of the tubular section of casing 1620. 

As illustrated in Fig. 14c, a preferred embodiment of an apparatus 1700 for 

10 forming a mono-diameter wellbore casing in a subterranean formation is then 
positioned in the new section 1650 of the wellbore 1600. He apparatus 1700 
preferably includes a support member 1705, an expandable mandrel or pig 1710, 
a tubular member 1715, aahoe 1720, sUps 1725, a fluid passage 1730, one or more 
fluid passages 1735, a fluid passage 1740, a first compressible anntdar body 1745, 

15 a second compressible annular body 1750, and a pressure chamber 1755. 

The support member 1705 suHwrts the apparatus 1 700 within the wellbore 
1600. The support member 1705 is coupled to the mandrel 1710, the tubular 
member 1715, the shoe 1720, and the slips 1725. The support member 1075 
preferabfy comprises a substantially hollow tubular member. The fluid passage 

20 1730 is positioned within the support member 1705. The fluid passages 1735 
fluidicly couple the fluid passage 1730 with the pressure chamber 1755. The fluid 
passage 1740 fluidicly couples the fluid passage 1730 with the region outside of the 
apparatus 1700. 

The support member 1705 may be fabricated from any ntunber of 
25 conventional commercially available materials such aa, for example, oilfield 
country tubular goods, stainless steel, low alloy steel, carbon steel, 13 chromhim 
steel, fibeiglass, or other high strength materials. In a preferred embodiment, the 
support member 1705 is fabricated from oilfield country tubular goods available 
from various foreign and domestic steel mills in order to optimally provide 
30 operational strength and faciliate the use of other standard oil exploration 
handling equipment. In a preferred embodiment, at least a portion of the support 
member 1705 comprises coiled tubing or a drill pipe. In a particularly preferred 
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embodiment, the support member 1705 includes a load shoulder 1820 for 
supporting the mjuidrel 1710 when the pressure chamber 1755 is unpressurized. 

The mandrel 1710 is supported by and sliding^ coupled to the suf^rt 
member 1705 and the shoe 1720. The mandrel 1710 preferably inchides an upper 

5 portion 1760 and a lower portion 1765. Preferably, the upper portion 1760 of the 
mandr«l 1710 and the support member 1705 together define the pressure chamber 
1755. Preferably, the lower portion 1765 of the mandrel 1710 includes an 
expansion member 1770 for radially e^qjanding the tubular membo* 1715. 

In a preferred embodiment, the upper portion 1760 of the mandrel 1710 

10 includes a tubular member 1775 having an inner diameter greater than an outer 
diameter of the support member 1705. In this manner, an annular pressure 
chamber 1755 is defmed by and positioned between the tubular member 1775 and 
the support member 1705. The top 1780 of the tubular member 1775 preferably 
includcsabearingandaseal for sealing and supporting the top 1780 of the tubular 

15 member 1775 against the outer surface of the support member 1705. The bottom 
1785 of the tubular member 1775 preferably includes a bearing and seal for sealing 
and supporting the bottom 1785 of the tubular member 1775 against the outer 
surface of the support member 1705 or shoe 1720. In this manner, the mandrel 
1710 moves in an axial direction upon the pressurization of the pressure chamber 

20 1755. 

The lower portion 1765 of the mandrel 1710 preferably inchides an 
expansion member 1770 for radially expanding the tubular member 1715 during 
the prcssuriMition of the pressure chamber 1755. In a preferred embodiment, the 
expansion member is expendible in the radial direction. In a preferred 

25 embodiment, the inner surface of the lower portion 1765 of the mandrel 1710 
mates with and slides with respect to the outer surface of die shoe 1720. The outw 
diameter of the expansion member 1770 may range firom about 90 1» 100 % of the 
inner diameter of the tubuhir casing 1620. In a preferred embodiment, the outer 
diameter of the expansion member 1770 ranges finom about 95 to 99 % of the inner 

30 diameter of the lubuhir casing 1620. The expansion member 1770 may be 
fabricated from any number of conventional commercially available materials such 
as. for example, machine tool steel, ceramics, tungsten carbide, titanhim or other 
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high strength alloys. In a preferred embodiment, the expansion member 1770 is 
fabricated from D2 machine tool steel in order to optimally provide hi|^ strength 
and abrasion resistance. 

The tubular member 1715 is coupled to and supported by the support 
5 member 1705 and slips 1725. Thetubularmemberl715indudesanupperportion 
1790 and a lower portion 1795. 

The upper portion 1790 of the tubular member 1 715 preferably includes an 
inner annular recess 1800 that extends from the upper portion 1 790 of the tubular 
member 1715, In this manner, at least a portion of the upper portion 1 790 of the 
10 tubularmember 1715 includes a thin walled section 1805. The first compressible 
annular member 1745 is preferably coupled to and supported by the outer surface 
of the upper portion 1790 of the tubular member 1715 in opposing relation to the 
thin wall section 1805. 

The lower portion 1795 of the tubular member 1715 preferably includes an 
15 outer annular recess 1810 that extends from the lower portion 1790 of the tubular 
member 1715. In this manner, at least a portion of the lower portion 1795 of the 
tubular member 1715 includes a thin walled section 1815. The second 
compressible annular member 1750 is coupled to and at least partially supported 
within the outer annular recess 1810 of the upper portion 1790 of the tubular 
20 member 1715 m opposing relation to the thin wall section 1815. 

The tubular member 1715 may be fabricated from any number of 
conventional commercially available materials such as, for example, oilfield 
countiy tubular goods, stainless steel, low alloy steel, carbon steel, automotive 
grade steel, fiberglass, 13 chrome steel, other high strength material, or hi^ 
25 strength plastics. In a preferred embodiment, the tubular member 1715 is 
fabricated from oilfield countiy tubular goods available fit>m various foreign and 
domestic steel mills in order to opthnally provide operational strength. 

The shoe 1720 is supported by and coupled to the support member 1705. 
The shoe 1720 preferably comprises a substantially hollow tubular member. In a 
30 preferred embodiment, the wall thickness of the shoe 1720 is greater than the wall 
thickness of the support member 1705 in order to optimally pix)vide increased 
radial support to the mandrel 1710. The shoe 1720 may be fabricated from any 
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number of conventional commercially available materialB such as, for example, 
oilfield country tubular goods, stainless steel, automotive grade steel, low alloy 
steel, carbon steel, or higb strength plastics. In a preferred embodiment, the shoe 
1720 is fabricated from oilfield country tubular goods available from various 
5 foreign and domestic steel mills in order to optimally provide matching operational 
strength throughout the apparatus. 

The slips 1726 are coupled to and supported by the support member 1705. 
The slips 1725 removably support the tubular member 1715. In this manner, 
during the radial expansion of the tubular member 1715, the slips 1725 help to 
10 maintain the tubular member 1715 in a substantially stationary position by 
preventing upward movement of the tubular member 1715. 

The slips 1725 may comprise any number of conventional commercially 
available such as, for example, RTTS packer tungsten carbide mechanical 
slips, RTTS packer wicker type mechanical slips, or Model 3L retrievable bridge 
15 plug timgstcn carbide upper mechanical slips. In a preferred embodiment, the 
slips 1725 comprise RTTS packer tungsten carbide mechanical slips available fit>m 
Halliburton Energy Services. In a preferred embodiment, the slips 1725 arc 
adapted to support axial forces ranging from about 0 to 750,000 Ibf. 

The fluid passage 1730 conveys fluidic materials from a surface location into 
20 the interior of the support member 1705, the pressure chamber 1755, and the 
region exterior of the apparatus 1700. The fluid passage 1730 is fludidy coupled 
to the pressure chamber 1755 by the fluid passages 1735. The fluid passage 1730 
is fluidicly coupled to the region exterior to the apparatus 1700 by the fluid passage 
1740. 

25 * In a preferred embodiment, the fluid passage 1730 is adapted to convey 
fluidic materials such as, for example, cement, epoxy, drilling muds, slag mix, 
water or drilling gasses. In a preferred embodiment, the fluid passage 1730 is 
adapted to convey fluidic materials at flow rate and pressures ranging from about 
0 to 3,000 gallons/minute and 0 to 9,000 psL in order to optimally provide flow 

30 rates and operational pressures for the radial expansion processes. 

The fluid passages 1735 convey fluidic material from the fluid passage 1730 
to the pressure chamber 1755. In a preferred embodiment, the fluid passage 1735 



-80- 



is adapted to convey fluidic materials such as, for example, cement, epoxjr, drilling 
muds, water or drilling gasses. In a preferred embodiment, the fluid passage 1 735 
is adapted to conv^ fluidic materials at flow rate and pressures ranging from 
about 0 to 500 gallons/minute and 0 to 9,000 psi. in order to optimally provide 
5 operating pressures and flow rates for the various expansion processes. 

The fluid passage 1740 convi^s fluidic materials from the fluid passage 1 730 
to the region exterior to the apparatus 1700. In a preferred embodiment, the fluid 
passage 1740 is adapted to convey fluidic materials such as, for example, cement, 
epoxy, drilling muds, water or drilling gasses. In a px^erred embodiment, the 
10 fluid passage 1740 is adapted to convQr fluidic materials at flow rate and pressures 
ranging from about 0 to 3,000 gallons/minute and 0 to 9,000 psi. in order to 
optimally provide operating pressures and flow rates for the varioxts radial 
expansion processes. 

In a preferred embodiment, the fluid passage 1740 is adapted to receive a 
15 plug orothersimilardeviceforsealingthefluidpassage 1740. In this manner, the 
pressure chamber 1755 may be pressurized. 

The first compressible annular bodly 1745 is coupled to and supported by an 
exterior surface of the upper portion 1790 of the tubular member 1715. In a 
preferred embo<^ent, the first compressible annular body 1745 is positioned in 

20 opposing relation to the thin waUed section 1805 of the tubular member 1715. 

The first con^)ressible annular body 1745 helps to minimize the radial force 
required to expand the tubular member 1715 in the overlap with the tubular 
casing 1620, helps to create a fluidic seal in the overlap with the tubular casing 
1620, and helps to create an interference fit sufficient to permit the tubular 

25 member 1715 to be supported by the tubular easing 1620. The first compressible 
annular body 1745 may comprise any number of commercially available 
compressible materials sudx as, for example, epoxy, rubber, Teflon, plastics, or 
hollow lead tubes. In a preferred embodiment, the first compressible annular body 
1745 comprises StrataLock epoi^ available from Halliburton Energy Services in 

30 order to optimaUy provide an hydraulic seal, and oompressibilily to minimize the 
radial expansion force. 
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The wall thickness of the first compressible annular body 1745 may range 
from about 0.05 to 0.75 inches. In a preferred embodiment, the wall thickness of 
the fu^ compressible annular body 1745 ranges from about 0.1 to 0.5 inches in 
order to optimally (1) provide a large compressible zone, (2) mixiimize the required 
5 radial expansion force, (3) transfer the radial force to the tubular casings. As a 
result, in a preferred embodiment, overall the outer diameter of the tubular 
member 1715 is approximately equal to the overall inner diameter of the tubular 
member 1620. 

The second compressible annular body 1750 is coupled to and at least 
10 partiaUy supported within the outer annular recess 1810 of the tubular member 
1715. In a preferred embodiment, the second compressible annular body 1750 is 
positioned in opposing relation to the thin walled section 1815 of the tubular 
member 1715. 

The second compressible annular body 1750 helps to minimize the radial 
15 force required to expand the tubular member 1715 in the overlap with another 
tubular member, helps to create a fluidic seal in the overlap of the tubular member 
1715 with another tubular member, and helps to create an interference fit 
sufficient to permit another tubular member to be supported by the tubular 
member 1715. The second compressible annular body 1750 may comprise any 
20 number of commercially available compressible materials such as, for example, 
epoxy, rubber. Teflon, plastics or hollow lead tubing. In a preferred embodiment, 
the first compressible annular body 1750 comprises StrataLock epoxy available 
from Halliburton Energy Services in order to optimally provide an hydraulic seal 
in the overlapped joint, and compressibility that minimizes the radial expansion 
25 force. 

The wall thickness of the second compressible annular body 1 750 may range 
from about 0.05 to 0.75 inches. In a preferred embodiment, the wall thickness of 
the second compressible annular body 1750 ranges from about 0.1 to 0.5 inches in 
order to optimally provide a large compressible zone, and minimize the radial force 
30 required to expand the tubular member 1715 during subsequent radial expansion 
.operations. 
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In an alternative embodiment, the outside diameter of the second 
compressible annular body 1750 is adapted to provide a seal against the 
surrounding foimation thereby eliminating the need for an outer annular body of 
cement 

5 The pressure chamber 1765 is fludicly coupled to the fluid passage 1730 by 

the fluid passages 1735. The pressure chamber 1755 is preferably adapted to 
receive fluidic materials such as, for example, drilling muds, water or drilling 
gases. In a preferred embodiment, the pressure chamber 1755 is adapted to leceive 
fluidic materials at flow rate and pressures ranging from about 0 to 500 

10 gaUons/ininute and 0 to 9,000 psi. in order to optimally provide expansion 
pressure. In a preferred embodiment, during pressurization of the pressure 
chamber 1755, the operating pressure of the pressure chamber ranges from alxmt 
0 to 5,000 psi in order to optimally provide expansion pressure while minimizing 
the possibility of a catastrophic faihu^ due to over pressurization. 

15 As illustrated in Fig. 14d, the apparatus 1700 is preferably positioned in the 

weObore 1600 with the tubular member 1715 positioned in an overlapping 
relationship with the tubular casing 1620. In a particularly preferred embodiment, 
the thin wall sections, 1640 and 1805, of the tubular casing 1620 and tubular 
member 1725 are positioned in opposingoverlapping relation. In this manner, the 

20 radial expansion of the tubular member 1725 will compz^ the thin wall sections, 
1640 and 1805, and annular compressible members, 1645 and 1745, into intimate 
contact. 

After positioning of the apparatus 1700, a fluidic material 1825 is then 
pumped into the fluid passage 1 730. The fluidic material 1825 may comprise any 

25 number of conventional commerdaDy available materials such as, for example, 
water, drilling mud. drilling gases, cement or epoxy . In a preferred embodiment, 
the fluidic material 1825 comprises a hardenable fluidic sealing material such as, 
for example, cement in order to provide an outer annular body aroxmd the 
expanded tubular member 1715. 

30 The fluidic material 1825 may be pumped into the fluid passage 1730 at 

operatingpressures and flow rates, for example, ranging from about 0 to 9,000 psi 
and 0 to 3,000 gallonsAninute. 
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The fluidic material 1825 pumped into the fluid passage 1730 passes 
through the fluid passage 1740 and outside of the apparatus 1700. The fluidic 
material 1825 fills the annular region 1830 between the outside of the apparatus 
1700 and the interior walls of the wellbore 1600. 
5 As illustrated in Fig. 14e. a plug 1835 is then introduced into the fluid 

passage 1730. The plug 1835 lodges in the inlet to the fluid passage 1740 fluididy 
isolating and blocking off the fluid passage 1730. 

A fluidic material 1840 is then pumped into the fluid passage 1730. The 
fluidic material 1840 may comprise any number of conventional commercially 
10 available materials such as. for example, water, drilling mud or drilling gases. In 
a preferred embodiment, the fluidic material 1825 comprises a non-liardenahle 
fluidic material such as, for example, drilling mud or drilling gases in order to 
optimally provide pressurization of the pressure chamber 1765. 

The fluidic material 1840 may be pumped into the fluid passage 1730 at 
15 operating pressures and flow rates ranging, for example, from about 0 to 9,000 psi 
and 0 to 500 gallons/minute. In a preferred embodiment, the fluidic material 1840 
is pumped into the fluid passage 1730 at operating pressures and flow rates 
ranging from about 500 to 5,000 psi and 0 to 500 gallonsAninute in order to 
optimally provide operating pressures and flow rates for radial expansion. 
20 The fluidic material 1840 pumped into the fluid passage 1730 passes 

through the fluid passages 1735 and into the pressure chamber 1755. Continued 
pumping ofthe fluidic material 1840 pressurizesthe pressure chamber 1755. The 
pressurization of the pressure chamber 1755 causes the mandrel 1710 to move 
relative to the support member 1705 in the directionindicatedby the arrows 1845. 
25 In this manner, the mandrel 1710 will cause the tubular member 1716 to expand 
in the radial direction. 

During the radial expansion process, the tubular member 1715 is prevented 
from moving in an upward direction by the slips 1725. A length of the tubular 
member 1715 is then expanded in the radial direction through the pressurization 
30 ofthe pressure chamber 1755. The length ofthe tubular member 1715 that is 
expanded during the expansion process wiU be proportional to the stroke length 
of the mandrel 1710. Upon the completion of a stroke, the operating pressure of 
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the pressure chamber 1755 is then reduced azul the mandrel 1 710 drops to it rest 
position with the tubular member 1715 supported by the mandrel 1715. The 
position of the support member 1705 may be adjusted throu^^out the radial 
expansion process in order to maintain the overlapping relationship between the 
5 thin walled sections, 1640 and 1805, of the tubular casing 1620 and tubular 
member 1715. The stroking of the mandrel 1710 is then repeated, as necessary, 
until the thin walled section 1805 of the tubular member 1715 is expanded into the 
thin walled section 1640 of the tubular casing 1620. 

Ina preferred embodiment, duringthe final stroke of the mandrel 1710, the 

10 slips 1725 are positioned as close as possible to the thin walled section 1805 of the 
tubular member 1715 in order minimize slippage between the tubular member 
1715 and tubular casing 1620 at the end of the radial expansion process. 
Alternatively, or in addition, the outside diameter of the first compressive annular 
member 1745 is selected to ensure sufficient interference fit with the tubular 

15 casing 1620 to prevent axial displacement of the tubular member 1715 diiring the 
final stroke. Alternatively, or in addition, the outside diameter of the second 
compressive annular body 1750 is large enotigh to provide an interference fit with 
the inside walls of the wellbore 1600 at an earlier point in the radial expansion 
process so as to prevent further axial displacement of the tubular member 1715. 

20 In this final alternative, the interference fit is preferably selected to permit 
expansion of the tubular member 1715 by pulling the mandrel 1710 put of the 
wellbore 1600, without having to pressurize the pressure chamber 1755. 

Duringthe radial expansion process, the pressurized areas of the apparatus 
1700 are limited to the fluid passages 1730 within the support member 1705 and 

25 the pressure chamber 1755 withm the mandrel 1710, No fluid pressure acts 
directly on the tubular member 1715. This permits the use of (grating pressures 
higher than the tubular member 1715 could normally withstand. 

Once the tubular member 1715 has been completely expanded off of the 
mandrel 1710, the support member 1705 and mandrel 1710 are removed from the 

30 wellbore 1600. In a preferred embodiment, the contact pressure between the 
deformed thin wall sections, 1640 and 1805, and compressible annular membera, 
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1645 and 1 745, ranges from about 400 to 10,000 psi in order to optimally support 
the tubular member 1715 using the tubular casing 1620. 

In this manner, the tubular member 1715 is radiaUy e^MJided into contact 
with the tubular casing 1620 by pressurizing the interior of the fluid passage 1730 
5 and the pressure chamber 1755. 

As illustrated in Fig. 14f, in a preferred embodiment, once the tubular 
member 1715 is completely expanded in the radial direction by the mandrel 1710, 
the support member 1705 and mandrel 1710 are removed from the wellbore 1600. 
In a preferred embodiment, the annular body of hardenable fhudic material is then 
10 allowed to cure to form a rigid outer annular body 1850. In the case where the 
tubular member 1716 is slotted, the hardenable fluidic material will preferably 
permeate and envelop the expanded tubidar member 1715. 

The resulting new section of wellbore casing 1855 includes the expanded 
tubular member 1715 and the rigid outer annular body 1860. The overlapping 
15 joint 1860 between the tubular casing 1620 and the ejq>anded tubular member 
1715 includes the deformed thin wall sections, 1640 and 1805, and the 
compressn>le annular bodies, 1645 and 1745. The inner diameter of the resulting 
combined wellbore casings is substantiaUy constant. In this manner, a mono- 
diameter wellbore casingis formed. This processof expandingoverlappingtubular 

20 members having thin wall end portions with compressible annular bodies into 
contact can be repeated for the entire length of a wellbore. In this manner, a 
mono-diameter weUbore casing can be provided for thousands of feet in a 
subterranean formation. 

Referring now to Figures 15, 15a and 15b, an embodiment of an apparatus 
25 1900 for expanding a tubular member wiU be described. The apparatus 1900 
preferably includes a drillpipe 1905, an innerstring adapter 1910, a sealing sleeve 
1915, an inner sealing mandrel 1920, an upper sealing head 1925, a lower sealing 
head 1930, an outer sealing mandrel 1935, a load mandrel 1940, an expansion cone 
1945, a mandrel launcher 1950. a mechanical slip body 1955, mechanical sUps 
30 1960, drag blocks 1965, casing 1970, and fluid passages 1975, 1980, 1985, and 
1990. 
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The drillpipe 1905 is coupled to the innerstring adapter 1910. During 
operation of the apparatus 1900, the drillpipe 1905 supports the apparatus 1900. 
The drillpipe 1905 preferably comprises a substantially hollow tubvdar member or 
members. The drillpipe 1905 may be fabricated from any number of conventional 
5 conunercially available materials such as, for example, oiMeld country tubular 
drillpipe, fiberglass or coiled tubing. In apreferred embodiment, the drillpipe 1905 
is fabricated from coiled tubing in order to fadliate the placement of the apparatus 
1900 in non-vertical wellbores. The drillpipe 1905 may be coupled to the 
innerstring adapter 19 10 using any number of conventional commercially available 

10 mechanical couplings such as, for example, drillpipe connectors, OCTG specially 
type box and pin connectors, a ratchet-latch ty^ connector or a standard box by 
pin connector. In a preferred embodiment, the drillpipe 1905 is removably coupled 
to the innerstring adapter 1910 by a drillpipe connection. 

The drillpipe 1905 preferably includes a fluid passage 1975 that is adapted 

15 to convey fluidic materials from a surface location into the fluid passage 1980. In 
a preferred embodiment, the fluid passage 1975 is adapted to convey fluidic 
materials such as, for example, cement, drilling mud, epoxy or lubricants at 
operatingpressures and flow rates ranging fix)m about 0 to 9,000 psi and 0 to 3,000 
gallon^minute. 

20 The innerstring adapter 1910 is coupled to the drill string 1905 and the 

sealing sleeve 1915. The innerstring adapter 1910 preferably comprises a 
substantially hollow tubular member or members. The innerstring adapter 1910 
may be fabricated &x>m any number of conventional commerciaUy available 
materials such as, for example, oil country tubular goods, low alloy steel, carbon 

25 steel, stainless steel or other hig^ strength materials. In a preferred embodiment, 
the innerstring adapter 1910 is fabricated from oilfield country tubular goods in 
order to optimally provide mechanical properties that closely mateh those of the 
driU string 1905. 

The innerstring adapter 1910 may be coupled to the driU string 1905 using 
30 any number of conventional commercially available mechanical couplings such as, 
for example, drillpipe connectors, oilfield country tubular goods special^ type 
threaded connectors, ratehet-lateh type steb in connector, or a standard threaded 
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connection. In a preferred embodiment, the innerstrmg adapter 1910 is removably 
coupled to the drill pipe 1905 by a drillpipe coxmection. The iuierstring adapter 
1910 may be coupled to the sealing sleeve 1915 using any number of conventional 
commercially available mechanical couplinga such as, for example, drillpipe 
5 connection, oilfield country tubular goods specialty <ype threaded connector, 
ratchet-latch type stab in connectors, or a standard threaded connection. In a 
preferred embodiment, the innerstring adapter 1910 is removably coupled to the 
sealing sleeve 1915 by a standard threaded connection. 

The innerstring adapter 1910 preferably inchidea a fluid passage 1980 that 
10 is adapted to convey fluidic materials from the fluid passage 1976 into the fluid 
passage 1986. In a preferred embodiment, the fluid passage 1980 is adapted to 
convey fluidic materials such as, for example, cement, drilling mud, epoxy, or 
lubricants at operating pressures and flow rates ranging from about 0 to 9,000 psi 
and 0 to 3.000 gallons/minute. 
15 The sealing sleeve 191 5 is coupled to the innerstring adapter 1910 and the 

inner sealing mandrel 1920. The sealing sleeve 1915 preferably comprises a 
substantially hoUow tubular member or members. The sealing sleeve 1915 may 
be fabricated from any number of conventional commercially available materials 
such as, for example, oilfield country tubular goods, carbon steel, low alloy steel, 
20 stainless steel or other high strength materials. In a preferred embodiment, the 
sealing sleeve 1915 is fabricated from oilfield country tubular goods in order to 
optimally provide mechanical properties that substantially match the remaining 
components of the apparatus 1900. 

The sealing sleeve 1915 may be coupled to the innerstring adapter 1910 
25 using any number of conventional commercially available mechanical couplings 
such as, for example, drillpipe connection, oOfield country tubular goods specialty 
type threaded connection, ratchet-latch type stab in connection, or a standard 
threaded connection. In a preferred embodiment, the sealing sleeve 1915 is 
removably doupled to the innerstring adapter 1910 by a standard threaded 
30 connection. The sealing sleeve 1915 may be coupled to the inner sealing mandrel 
1920 using any number of conventional commercially available medianical 
couplings such as, for example, drillpipe connection, oilfield country tubular goods 
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specialty type threaded connection, or a standard threaded connection. In a 
preferred embodiment, the sealing sleeve 1915 is removably coupled to the inner 
sealing mandrel 1920 by a standard threaded connection. 

The sealing sleeve 1915 preferably includes a fluid passage 1985 that is 
5 adapted to convey fluidic materials from the fluid passage 1980 into the fluid 
passage 1990. In a preferred embodiment, the fluid passage 1985 is adapted to 
convey fluidic materials such as, for example, cement, drilling mud, epoxy or 
lubricants at operating pressures and flow rates ranging from about 0 to 9,000 psi 
and 0 to 3»000 gallons/minute. 

10 The inner sealingmandrel 1920iscoupledtothe8ealing8leevel915andthe 

lower sealing head 1930. The inner sealing mandrel 1920 preferabty comprises a 
substantially hollow tubular member or members. The inner sealing mandrel 
1920 may be fabricated from any number of conventional commercially avaflablc 
materials such as, for example, oilfield country tubular goods, stainless steel, low 

15 aUoy steel, carbon steel or other similar high strength materials. In a preferred 
embodiment, the inner sealing mandrel 1920 is fabricated from stainless steel in 
order to optimally provide mechanical properties similar to the other components 
of the apparatus 1900 while also providing a smooth outer surface to support seals 
and other moving parts that can operate with minimal wear, corrosion and pitting. 

20 The inner sealing mandrel 1920 may be coupled to the sealing sleeve 1915 

using any number of conventional commercially available mechanical couplings 
such as, for example, drillpipe connection, oilfield country tubular goods specialty 
type threaded connection, or a standard threaded connection . In a preferred 
embodiment, the inner sealing mandrel 1920 is removably coupled to the sealing 

25 sleeve 1915 by a standard threaded connections. The inner sealing mandrel 1920 
may be coupled to the lower sealing head 1930 using any number of conventional 
commercially available mechanical couplings such as, for example, drillpipe 
connection, oilfield country tubular goods specialty type threaded connection, 
ratchet-latch type stab in connectors or standard threaded connections. In a 

30 preferred embodiment, the inner sealingmandrel 1920 is removably coupled to the 
lower sealing head 1930 by a standard threaded connections connection. 
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The inner scaling mandrel 1920 preferably includes a fluid passage 1990 
that is adapted to convey fluidic materials from the fluid passage 1985 into the 
fluid passage 1995. In a preferred embodiment, the fluid passage 1990 is adapted 
to convey fluidic materials such as, for example, cement, drilling mud, epoxy or 
5 lubricants at operating pressures and flow rates ranging from about 0 to 9,000 psi 
and 0 to 3,000 gallons/minute. 

The upper sealing head 1925 is coupled to the outer sealing mandrel 1935 
and the expansion cone 1945, The upper sealing head 1925 is also movably 
coupled to the outer surface of the inner sealing mandrel 1920 and the inner 
10 surface of the casing 1970. In this manner, the upper sealing head 1925, outer 
sealing mandrel 1935, and the expansion cone 1945 reciprocate in the axial 
direction. The radial clearance between the inner cylindrical aurface of the upper 
scaling head 1925 and the outer surfSace of the inner sealing mandrel 1920 may 
range, for example, from about 0.025 to 0.05 inches. In a preferred embodiment, 
15 the radial clearance between the inner cylindrical surface of the upper sealing head 
1925 and the outer surface of the inner sealing mandrel 1920 ranges fit>m about 
0.005 to 0.01 inches in order to optimally provide clearance for pressure seal 
placement. The radial clearance between the outer cylindrical surface of the upper 
scaling head 1 925 and the inner surface of the casing 1970 may range, for example, 
20 from about 0.025 to 0.375 inches. In a preferred embodiment, the radial clearance 
between the outer cylindrical surface of the \ipper sealing head 1925 and the inner 
surface of the casing 1970 ranges from about 0.025 to 0.125 inches in order to 
optimally provide stabilization for the expansion cone 1945 as the expansion cone 
1945 is upwardly moved inside the casing 1970. 
25 The upper sealing head 1925 preferably comprises an annular member 

having substantially cylindrical inner and outer surfaces. The upper sealing head 
1925 may be fabricated from any number of conventional commercially available 
materials such as, for example, oilfield country tubular goods, stainless steel, 
machine tool steel, or similar high strength materials. In a preferred embodiment, 
30 the upper sealing head 1925 is fabricated from stainless steel in order to optimally 
provide high strength and smooth outer surfaces that areresistant to wear, galling, 
corrosion and pitting. 
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The inner surface of the upper sealing head 1925 preferably includes one or 
more annular sealing members 2000 for sealing the interface between the upper 
sealing head 1925 and the inner sealing mandrel 1920. The sealing members 2000 
may comprise any number of conventional commercially available wnmilor sealing 
5 members such as, for example, o-rings^ polypak seals or metal spiing energized 
seals. In a preferred embodiment, the sealing members 2000 comprise poljrpak 
seals available from Parker Seals in order to optimally provide sealing for a long 
axial motion. 

In a preferred embodiment, the upper sealinghead 1925 includes a shoulder 

10 2005 for supporting the ui^r sealing head 1925 on the lower sealinghead 1930. 
The upper sealing head 1925 may be coupled to the outer sealing mandrel 
1935 using any number of conventional commercially available mechanical 
couplings such as, for example, drillpipe connection, oilfield country tubular goods 
specialty type threaded connection, or a standard threaded connections. In a 

15 preferred embodiment, the upper sealing head 1925 is removably coupled to the 
outer sealmg mandrel 1936 by a standard threaded connections. In a preferred 
embodiment, the mechanical coupling between the upper sealing head 1925 and 
the outer sealing mandrel 1935 includes one or more sealing members 2010 for 
fluidicly sealing the interface between the upper sealing head 1925 and the outer 

20 sealing mandrel 1935. The sealing members 2010 may comprise any number of 
conventional commercially available sealing members such as, for example, o-rings, 
polypak seals or metal spring energized seals. In a preferred embodiment, the 
sealing members 2010 comprise polypak seals available from Parker Seals in order 
to optimally provide sealing for a long axial stroking motion. 

25 The lower sealing head 1930 is coupled to the in^er sealing mandrel 1920 

and the load mandrel 1940. The lower sealing head 1930 is also movably coupled 
to the inner surfoce of the outer seahng mandrel 1935. In this manner, the upper 
sealing head 1925 and outer sealing mandrel 1935 reciprocate in the axial 
direction. The radial clearance between the outer surface of the lower sealing 

30 head 1930 and the inner surface of the outer sealing mandrel 1935 may range, for 
example, from about 0.025 to 0.05 inches. In a preferred embodiment, the radial 
clearance between the outer surface of the lower scaling head 1930 and the inner 
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surface of the outer sealing mandrel 1935 ranges from about 0.005 to 0.010 inches 
in order to optimally provide a dose tolerance having room for the installation of 

pressure seal rings. 

The lower sealing head 1930 preferabfy comprises an annular member 

5 having substantially cylindrical inner and outer surfaces. The lower sealmg head 
1930 may be fabricated from any number of conventional commercially available 
materials such as, for example, oilfield country tubular goods, stainless steel, 
machine tool steel or other similar high strength materials. In a preferred 
embodiment, the lower sealinghcad 1930 is fabricated from stainless steel in order 

10 to optimally provide high strength and resistance to wear, galling, corrosion, and 
pitting. 

The outer surface of the lower sealing head 1930 preferably includes one or 
more annular sealing members 2015 for sealing the interface between the lower 
sealinghcad 1930 and the outer sealing mandrel 1935. The sealing members 2015 
1 5 may comprise any number of conventional commercially available annular sealing 
members such as. for example, o-rings, polypak seals, or metal spring energized 
seals. In a preferred embodiment, the sealing members 2015 comprise poferpak 
seals available from Parker Seals in order to optimaUy provide sealing for a long 
axial stroke. 

20 The lower sealing head 1930 may be coupled to the inner aeaEng mandrel 

1920 using any number of conventional commercially available mechanical 
couplings such as. for example, drillpipe connection, oilfield country tubular goods 
specialty type threaded connection, welding, amorphous bonding or a standard 
threaded connection. In a preferred embodiment, the lower sealing head 1930 is 

25 removably coupled to the inner sealing mandrel 1920 by a standard threaded 
connection. 

In a preferred embodiment, the mechanical coupling betwem the lower 
sealinghead 1930 and the inner sealing mandrel 1920 inchidesoneormore sealing 
members 2020 for fluidicly sealing the interface between the lower sealinghcad 
30 1930 and the inner sealing mandrel 1920. The sealing members 2020 m^ 
comprise any number of conventional commerdaUy available sealing members 
such as. for example, o-rings. polypak seals, or metal spring energized seals. In a 
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preferred embodiment, the sealingmembers 2020 comprise polypak seals available 
from Parker Seals in order to optimally provide sealing for a long axial motion. 

The lower sealing bead 1930 may be coupled to the load mandrel 1940 using 
any number of conventk}nal commercially available mechanical couplings such as, 
5 for example, driUpipe connection, oilfield country tubular goods specialty type 
threaded connections, welding, amorphous bonding or a standard threaded 
connection. In a preferred embodiment, the lower sealing head 1930 is removably 
coupled to the load mandrel 1940 by a standard threaded connection. In a 
preferred embodiment, the mechanical coupling between the lower sealing head 

10 1930 and the load mandrel 1940 includes one or more sealing members 2025 for 
fluidicly sealing the interface between the lower sealing head 1930 and the load 
mandrel 1940. The sealing members 2025 may comprise any number of 
conventional commeidally available sealing members such as, for example, o-rings, 
polypak seals, or metal spring energized seals. In a preferred embodiment, the 

15 sealing members 2025 comprise polypak seals available fN>m Parker Seak 
to optimally provide sealing for a long axial stroke. 

In a preferred embodiment, the lower sealing bead 1930 includes a throat 
passage 2040 fluidicly coupled between the fluid passages 1990 and 1995. The 
throat passage 2040 is preferably of reduced size and is adapted to receive and 

20 engage with a plug 2045, or other similar device. In this manner, the fluid passage 
1990 is fluidicly isolated from the fluid passage 1995. In this manner, the pressure 
chamber 2030 is pressurized. 

The outer sealing mandrel 1935 is coupled to the upper sealing head 1925 
and the expansion cone 1945. The outer sealing mandrel 1935 is also movably 

25 coupled to the inner surface of the casing 1970 and the outer surface of the lower . 
sealmg head 1930. In this manner, the iq>per sealing head 1925, outer sealing 
mandrel 1935, and the expansion cone 1945 reciprocate in the axial direction. The 
radial clearance between the outer surface of the outer sealing mandrel 1935 and 
the inner surface of the casmg 1970 may range, for example, from about 0.025 to 

30 0.375 inches. In a preferred embodiment, the radial clearance between the outer 
surface of the outer sealing mandrel 1935 and the inner surface of the casing 1970 
ranges from about 0.025 to 0.125 inches in order to optimally provide maximum 
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piston surface area to maximize the radial expanaion force. The radial dearance 
between the inner surface of the outer scaling mandrel 1935 and the outer surface 
of the lower sealing head 1930 may range, for example, from about 0.025 to 0.05 
inches. In a preferred embodiment, the radial clearance between the inner surfioce 

5 oftheouter6eaUngmandrell935andtheoutcrsurfaceofthelower8eaIinghead 
1930 ranges from about 0.005 to 0.010 inches in order to optimally provide a 
minimimoL gap for the sealing elements to bridge and seal. 

The outer sealing mandrel 1935 preferably comprises an annular member 
having substantially cylindrical inner and outer surfaces. The outer sealing 

10 mandrel 1935 may be fabricated from any number of conventional commercially 
available materials such as, for example, low alloy steel, carbon steel, 13 chromium 
steel or stainless steel. In a preferred embodiment, the outer sealing mandrel 1935 
is fabricated from stainless steel in order to optimally provide marim u m strength 
and minimum wall thickness while also providing resistance to corrosbn, galling 

15 and pitting. 

The outer sealing mandrel 1935 may be coupled to the upper sealing head 
1925 using any number of conventional commercially available mechanical 
couplings such as, for example, drillpipe connection, oilfield country tubular goods 
specialty type threaded connection, standard threaded connections, or welding. In 
20 a preferred embodiment, the outer sealing mandrel 1936 is removably coupled to 
the upper sealing head 1925 by a standard threaded connections connection. The 
outer sealing mandrel 1935 may be coupled to the expansion cone 1945 using any 
number of conventional commercially available mechanical couplings such as, for 
example, drillpipe connection, oilfield country tubular goods specialty type 
25 threaded cormection, or a standard threaded coimections connection, or welding. 
In a preferred embodiment, the outer scaling mandrel 1935 is removably coupled 
to the expansion cone 1945 by a standard threaded cormcctions connection. 

The upper sealing head 1925, the bwer scaling head 1930, the inner sealing 
mandrel 1920, and the outer sealing mandrel 1935 together define a pressure 
30 chamber2030. The pressure chamber 2030 is fluidicly coupled to the passage 1990 
via one or more passages 2035. During operation of the apparatus 1900, the plug 
2045 engages with the throat passage 2040 to fluidicly isolate the fluid passage 
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1990 from the fluid passage 1995. The pressure chamber 2030 is then pressurized 
which in turn causes the upper sealing head 1925, outer sealing mandrel 1935, and 
expansion cone 1945 to reciprocate in the axial direction. The axial motion of the 
expansion cone 1945 in turn expands the casing 1970 in the radial direction. 
5 The load mandrel 1940 is coupled to the lower sealing head 1930 and ^he 

mechanical slip body 1955. The load mandrel 1940 preferably comprises an 
annular member having substantially cylindrical inner and outer surfaces. The 
load mandrel 1940 nuiy be fiabricated from any number of conventional 
commercially available materials such as, for example, oilfield coimtry tubular 

10 goods, low alloy steel, carbon steel, stainless steel or other similar high strength 
materials. In a preferred embodiment, the load mandrel 1940 is fiabricated ftom 
oilfield country tubular goods in order to optimally provide high strength. 

The load mandrel 1940 may be coupled to the lower sealing head 1930 using 
any number of conventional commerciaDy available mechanical co\q>ling8 such as^ 

15 for example, drillpipe cormectioa, oilfield country tabular goods qpedalty type 
threaded connection, welding, amorphous bonding or a standard threaded 
connection. In a preferred embodiment, the load mandrel 1940 is removably 
coupled to the lower sealing head 1930 by a standard threaded connection. The 
load mandrel 1940 may be coupled to the mechanical slip body 1955 using any 

20 number of conventional commercially available mechanical couplings such as, for 
example, a drillpipe coimection, oilfield country tubular goods specialty type 
threaded cormections, welding, amorphous bonding, or a standard t^r^dffd 
cormections cormection. In a preferred embodimmt, the load mandrel 1940 is 
removably coupled to the mechanical slip body 1965 by a standard threaded 

25 connections connection. 

The load mandrel 1940 preferably includes a fluid passage 1995 that is 
adapted to convey fluidic materials firom the fluid passage 1990 to the region 
outside of the apparatus 1900. In a preferred embodiment, the fluid passage 1995 
is adapted to convey fluidic materials such as, for example, cement, epoxy , water, 

30 drilling mud, or lubricants at operating pressures and flow rates ranging from 
about 0 to 9,000 psi and 0 to 3,000 gaUons/minute. 
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The expansion cone 1945 iB coupled to the outer sealing mandrel 1935. The 
expansion cone 1945 is also movably coupled to the inner surface of the casing 
1970. In this manner, the upper sealing head 1925, outer sealing mandrel 1935, 
and the esqwnsion cone 1945 reciprocate in the axial direction. The redprocaUon 
5 of the expansion cone 1945 causes the casing 1970 to expand in the radial 
direction. 

The expansion cone 1945 preferably comprises an annular member having 
substanUally cylindrical inner and conical outer surfaces. The outside radius of 
the outside conical surface may range, for example, firom about 2 to 34 indies. In 
10 a preferred embodiment, the outside radius of the outside conical surface ranges 
from about 3 to 28 inches in order to optimally provide cone dimensions for the 
typical range of tubular members. 

The axial length of the expansion cone 1945 may range, for example, from 
about 2 to 8 times the largest outer diameter of the expansion cone 1945. In a 
15 preferred embodiment, the axial length of the expansion cone 1945 ranges from 
about 3 to 5 times the largest outer diameter of the expansion cone 1945 in order 
to optimally provide stability and centralization of the expansion cone 1946 during 
the expansion process. In a preferred embodiment, the angte of attack of the 
expansion cone 1945 ranges from about 5 to 30 degrees in order to optimally 
20 balancefrictionforceswiththedesiredamountofradialexpansion. Theexpansion 
cone 1945 angle of attack will vary as a fimction of the operatingparameters of the 
particular ocpansion operation. 

The expansion cone 1945 may be fabricated from any number of 
conventional commercially available materials such as. for sample, machine tool 
25 steel, ceramics, tungsten carbide, nitride steel, or other similar high strength 
materials- In a preferred embodiment, the expansion cone 1945 is fabricated fix>m 
D2 machine tool steel in order to optimaHy provide high strength and resistance 
to corrosion, wear. gaDing. and pitting. In a particularly preferred embodiment, 
the outade surface of the expanrion cone 1945 has a suz&ce hardness ranging 
30 from about 58 to 62 RockweU C in order to optimaUy provide hi^ strength and 
resist wear and galling. 
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The expansion cone 1945 may be coupled to the outside sealing mandrel 
1935 using any number of conventional commercially available mechanical 
couplings such as, for example, drillpipe connection, oilfield tubular couniiy goods 
specialty type threaded connection, welding, amorphous bonding, or a standard 
5 threaded connections connection. In a preferred embodiment, the eq>ansion 
cone 1945 is coupled to the outside sealing mandrel 1935 using a standard 
threaded coimections connection in order to optimally provide connector strength 
for the typical operating loadingconditions while also permitting easy replacement 
of the expansion cone 1946. 

10 The mandrel launcher 1950 is coupled to the casing 1970. The mandrel 

launcher 1950 comprises a tubular section of casing having a reduced wall 
thickness compared to the casing 1970. In a preferred embodiment, the wall 
thickness of the mandrel launcher is about 50 to 100 % of the wall thickness of the 
casing 1970. In this manner, the initiation of the radial expansion of the casing 

15 1970 is facilitated, and the insertion of the larger outside diameter mandrel 
launcher 1950 into the wellbore and/or casing is facilitated. 

The mandrel latmcher 1950 may be coupled to the casing 1970 using any 
number of conventional mechanical couplings. The mandid launcher 1950 may 
have a wall thickness ranging, for example, from about 0.15 to 1,5 inches. In a 

20 preferred embodiment, the wall thickness of the mandrel launcher 1950 ranges 
from about 0.25 to 0.75 inches in order to optimally provide high strength with a 
small overaU proffle. The mandrd launcher 1950 may be fabricated from any 
number of conventional commerdelly available materials such as, for example, oil 
field tubular goods, low allpy steel, carbon steel, stainless steel or other similar 

25 high strength materials. In a preferred embodiment, the mandrel launcher 1950 
is fabricated from oil field tubular goods of hi^er strength but lower wall 
thickness than the casing 1970 in order to optimally provide a thin waUed 
container with approximately the same burst strength as the casing 1970. 

The mechanical slip body 1955 is coupled to the load mandrel 1970, the 

30 mechanical slips 1960, and the drag blocks 1965. The mechanical slip body 1955 
preferably comprises a tubular member having an inner passage 2050 fluidicly 
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coupled to the passage 1995. In this manner, fluidic materials may be conve)red 
from the passage 2050 to a region outside of the apparatus 1900. 

The mechanical slip body 1955 may be coupled to the load mandrel 1940 
using any n\2mber of conventional mechanical couplings. In a preferred 
5 embodiment, the mechanical slip body 1955 is removably coupled to the load 
mandrel 1940 using a standard threaded connection in order to optimally provide 
high strength and permit the mechanical slip body 1955 to be easUy replaced. The 
mechanical slip body 1955 may be coupled to the mechanical slips 1956 using any 
number of conventional mechanical couplings. In a preferred embodiment, the 

1 0 mechanical slip body 1 955 is removably coupled to the mechanical dips 1955 iising 
threads and sliding steel retainer rings in order to optimally provide high strength 
coupling and also permit ea^ replacement of the mechanical slips 1955. The 
mechanical slip body 1955 may be coupled to the drag blocks 1965 using any 
number of conventional mechanical couplings. In a preferred embodiment, the 

15 mechanical slip body 1955 is removably coupled to the drag blocks 1965 using 
threaded connections and sliding steel retainer rings in order to optimally provide 
high strength and also permit easy replacement of the drag blocks 1965. 

The mechanical slips 1960 are coupled to the outdde surface of the 
mechanical slip bodiy 1955. During operation of the apparatus 1900, the 

20 mechanical slips 1960 prevent upward movement of the casing 1970 and mandrel 
launcher 1950. In this manner, during the axial reciprocation of the expansion 
cone 1945, the casing 1970 and mandrel launcher 1950 are maintained in a 
substantiaDy stationary position. In this manner, the mandrd launcher 1950 and 
casing 1970 are expanded in the radial direction by the axial movement of the 

25 expansion cone 1945. 

The mechanical slips 1960 may comprise any number of conventional 
commercially available mechanical slips such as, for example* RTTS packer 
tungsten carbide mechanical slips, RTTS packer wicker type mechanical slips or 
Model 3L retrievable bridge plug tungsten carbide upper mechanical slips. In a 

30 preferred embodiment, the mechanical slips 1960 comprise RTTS padcer tungsten 
carbide mechanical slips available from Halliburton Energy Services in order to 
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optimally provide resistance to axial movement of the casing 1970 during the 
expansion process. 

The drag blocks 1965 are coupled to the outside surface of the mechanical 
slip body 1955. During operation of the apparatus 1900» the drag blocks 1965 
5 prevent upward movement ofthe casing 1970 and mandrel launcher 1950. In this 
manner, during the axial reciprocation ofthe expansion cone 1945, the casing 1970 
and mandrel launcher 1950 are maintained in a substantially stationary position. 
In this manner^ the mandrel launcher 1950 and casing 1970 are expanded in the 
radial direction by the axial movement of the expansion cone 1945. 

10 The drag blocks 1965 may comprise any number of conventional 

commercially available mechanical slips such as, for example, RTTS packer 
tungsten carbide mechanical slips, RTTS packer wicker type medianical slips or 
Model 3L retrievable bridge plug tungsten carbide upper mechanical slips. In a 
preferred embodiment, the drag blocks 1965 comprise RTTS packer tungsten 

15 carbide mechanical slips available from Halliburton Energy Services in order to 
optimally provide resistance to axial movement of the casing 1970 during the 
eaqiansion process. 

The casing 1970 is coupled to the mandrel launcher 1950. The casing 1970 
is further removably coupled to the mechanical slips 1960 and drag blocks 1965. 

20 The casing 1970 preferably comprises a tubular member. The casing 1970 may be 
fabricated from any number of conventional commercially available materials such 
as» for example, slotted tubulars» oil field country tubular goods, low alloy steel, 
carbon steel, stainless steel or other simUarhi^ strength materials. In a preferred 
embodiment, the casing 1970 is fabricated from oilfield country tubiilar goods 

25 available from various foreign and domestic steel mills in order to optimally 
provide high strength. In a preferred embodiment, the upper end of the casing 
1970 includes one or more sealing members positioned about the exterior of the 
casing 1970. 

During operation, the apparatus 1900 is positioned in a wellbore with the 
30 upper end ofthe casing 1970 positioned in an overlapping relationship within an 
existing wellbore casing. In order minimize surge pressures within the borehole 
during placement of the apparatus 1900, the fluid passage 1975 is preferably 
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provided with one or more pressure reUef passages. During the placement of the 
apparatus 1900 in the wellbore, the casing 1 970 is supported by the expansion cone 
1945. 

After positioning of the apparatus 1900 within the bore hole in an 
5 overlapping relaUonship with an existing section of weUbore casing, a fu-st fluidic 
material is pumped into the fluid passage 1975 from a surface location. The first 
fluidic material is conveyed from the fhiid passage 1975 to the fluid passages 1980. 
1985, 1990. 1995, and 2050. The first fluidic material will then exit the apparatus 
and fill the annular region between the outside of the apparatus 1900 and the 
10 interior walls of the bore hole. 

The first fluidic material may comprise any number of conventional 
commeidally available materials such as. for example, drilling mud, water, epoxy 
or cement. In a preferred embodunent. the first fluidic material comprises a 
hatdenable fluidic sealing material such as. for example, cement or epoxy. In this 
15 manner, a weUbore casing having an outer annular layer of a hardenable material 
may be formed. 

The first fluidic material may be pumped into the apparatus 1900 at 
operatingpressures and flow rates ranging, for example, from ahoutO to4,500 psi. 
and 0 to 3,000 gallons/minute. In a preferred embodiment, the first fluidic 
20 material is pumped into the apparatus 1900 at operating pressures and flow rates 
ranging fnm about 0 to 4,500 psi and 0 to 3.000 gaUona/minute in order to 
optimally provide operating pressures and flow rates for typical operating 
conditions. 

At a predetermined point in the iiyection of the first fluidic material such 
25 as, for example, after the annular region outside of the apparatus 1900 has been 
filled to a predetermined level, a plug 2045, dart, or other similar device is 
introduced into the first fluidic material. The plug 2046 lodges in the throat 
, passage 2040 thereby fluidicly isolating the fluid passage 1990 from the fluid 
passage 1995. 

30 After placementoftheplug2045 in the throat passage 2040. a second fluidic 

material is pumped into the fluid passagel975 in order to pressurize the pressure 

chamber 2030. The second fluidic material may comprise any number of 
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conventional oommerciaUy available materials such as, for example, water, drilling 
gases, drilling mud or lubricant. In a preferred embodiment, the second fluidic 
material comprises a non-hardenable fluidic material such as, for example, water, 
drilling mud or lubricant in order minimize frictional forces. 
5 The second fluidic material may be pumped into the apparatus 1900 at 

operating pressures and flow rates ranging, for example, from about 0 to 4,500 psi 
and 0 to 4,500 gallons/minute. In a preferred embodiment, the second fluidic 
material is pximped into the apparatus 1900 at operatiixg pressures and flow rates 
ranging from about 0 to 3,500 psi, and 0 to 1,200 gallonfi/minute in order to 

10 optimally provide expansion of the casing 1970. 

The pressurization of the pressure chamber 2030 causes the upper sealing 
head 1925, outer sealing mandrel 1935, and expansion cone 1945 to move in an 
axial direction. As the expansion cone 1945 moves in the axial direction » the 
expansion cone 1945 pulls the mandrel launcher 1950 and drag blocks 1965 along, 

15 which sets the mechanical slips 1960 and stops further axial movement of the 
mandrel launcher 1950 and casing 1970. In this manner, the axial movement of 
the expansion cone 1945 radially expands the mandrel launcher 1950 and casing 
1970. 

Once the upper sealing head 1925. outer sealing mandrel 1935, and 
20 expansion cone 1 945 complete an axial stroke, the operating pressure of the second 
fluidic material is reduced and the drill string 1905 is raised. This causes the inner 
sealing mandrel 1920, lower sealing head 1930, bad mandrel 1940, and mechanical 
slipbody 1955 to move upward. This unsets the mechanical slips 1960 and permits 
the mechanical slips 1960 and drag blocks 1965 to be moved upward within the 
25 mandrel launcher and casing 1970. When the lower sealing head 1930 contacts the 
upper sealing head 1925, the second fluidic material is again pressurized and the 
radial expansion process continues. In this manner, the mandrel launcher 1950 
and casing 1970 are radial expanded throu^^i repeated axial strokes of the upper 
sealing head 1925, outer sealing mandrel 1935 and expansion cone 1945. 
30 Throughput the radial expansion process, the upper end of the casing 1970 is 
preferably maintained in an overlapping relation with an existing section of 
wellbore casing. 



-101- 



25.-i.lI 

At the end of the radial expansion process, the upper end of the casing 1970 
is expanded into intimate contact with the inside surface of the lower end of the 
existing wellbore casing. In a preferred embodiment, the sealing members 
provided at the upper end of the casing 1970 provide a fluidic seal between the 

5 outside surface of the upper end of the casing 1970 and the inside surface of the 
lower end of the existing wellbore casing. In a preferred embodiment, the contact 
pressure between the casing 1970 and the existing section of weUbore casmg 
ranges from about 400 to 10,000 psi in order to optimally provide contact pressure 
for activating sealing members, provide optimal resistance to axial movement of 

10 the expanded casing 1970, arid optimally support typical tensile and compressive 
loads. 

In a preferred embodiment, as the expansion cone 1945 nears the end of the 
casing 1970. the operating How rate of the second fluidic material is reduced in 
oiticr to minimize shock to the apparatus 1900. In an alternative embodiment, the 

15 apparatus 1900 includes a shock absorber for absorbing the shock created by the 
completion of the radial e^)an8ion of the casing 1970. 

In a preferred embodiment, the reduced operating pressure of the second 
fluidic material ranges from about 100 to 1,000 psi as the expansion cone 1945 
nears the end of the casing 1970 in order to optimally provide reduced axial 

20 movement and velocity of the expansion cone 1945. In a preferred embodiment, 
the operating pressure of the second fluidic material is reduced during the return 
stroke of the apparatus 1900 to the range of about 0 to 500 psi in order minimize 
the resistance to the movement of the expansion cone 1945. In a preferred 
embodiment, the stroke length of the apparatus 1900 ranges from about 10 to 45 

25 feet in order to optimally provide equipment lengths that can be handled by typical 
oU weU rigging equipment while also minimizing the frequency at which the 
expansion cone 1945 must be stopped so the apparatus 1900 can be re-stroked for 
further expansion operations. 

In an alternative embodiment, at least a portion of the upper sealing head 
30 1925 includes an expansion cone for radially expanding the mandrel launcher 1950 
and casing 1970 during operation of the apparatus 1900 in order to increase the 
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surface area of the casing 1970 acted upon during the radial expansion process. 
In this manner, the operating pressures can be reduced. 

In an alternative embodiment, mechanical slips are positioned in an atoI 
location between the sealing sleeve 1915 and the inner sealing mandrel 1920 in 
5 order to simplify the operation 'and assembly of the apparatus 1900. 

Upon the complete radial expansion of the casmg 1970, if applicable, the 
first fluidic material is permitted to cure within the fiTiwyiar region between the 
outside of the expanded casing 1970 and the interior walls of the welibore. In the 
case where the expanded casing 1970 is slotted, the cured fluidic material will 

10 preferably permeate and envelop the expanded casing. In this manner, a new 
section of welibore casing is formed within a welibore. Alternatively, the 
apparatus 1900 may be used to join a first section of pipeline to an existing section 
of pipeline. Alternatively, the apparatus 1900 may be used to directly line the 
interior of a welibore with a casing, without the use of an outer annular layer of 

15 a hardenable material. Alternatively, the apparatus 1900 may be used to expand 
a tubular support member in a hole. 

During the radial expansion process, the pressurized areas of the apparatus 
1900 are limited to the fluid passages 1975, 1980. 1985, and 1990, and the pressure 
chamber 2030. No fliud pressure acts directly on the mandrel launcher 1950 and 

20 casing 1970. This permits the use ofoperating pressures higher than the mandrel 
launcher 1950 and casing 1970 could normally withstand. 

Referring now to Figure 16, a preferred embodiment of an apparatus 2100 
for forming a mono-diameter welibore casing will be described. The apparatus 
2100 pref(»abbf includes a drillpipe 2105, an innerstring adapter 2110, a sealing 

25 sleeve 2115, an inner sealing mandrel 2120, slips 2125, upper seahng head 2130, 
lower sealing head 2135, outer sealing mandrel 2140, load mandrel 2145, 
expansion cone 2150, and casing 2155. 

The drillpipe 2105 is coupled to the innerstring adapter 2110. During 
operation of the apparatus 2100, the drillpipe 2105 supports the apparatus 2100. 

30 The drillpipe 2105 preferably comprises a substantially hollow tubular member or 
members. The drillpipe 2105 may be fabricated from any number of conventional 
commercially available materials such as, for example, oilfield country tubular 
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goods, low alloy steel, carbon steel, stainless steel or other similar high strength 
material. In a preferred embodiment, the drillpipe 2105 is fabricated from coiled 
tubing in order to faciliate the placement of the apparatus 1900 in non-vertical 
weUbores. The drillpipe 2105 may be coupled to the innerstring adapter 2110 
5 using any number of convenUonal commercially available mechanical couplings 
such as, for example, drillpipe connection, oilfield country tubular goods specialty 
1^ threaded connection, ratchet-latch type connection, or a standard threaded 
connection. In a preferred embodiment, the drillpipe 2105 ifi removably coupled 
to the innerstring adapter 21 10 by a drill pipe connection. 
10 The drillpipe 2105 preferably includes a fluid passage 2160 that is adapted 

to conv^ fluidic materials from a surface location into the fluid passage 2165. In 
a preferred embodiment, the fluid passage 2160 is adapted to convey fluidic 
materials such as. for example, cement, epoxy, water, drilling mud or lubricants 
at operating pressures and flow rates ranging from about 0 to 9,000 psi and 0 to 
15 3,000 gallons/minute. 

The innerstring adapter 2110 is coupled to the drill string 2105 and the 
sealing sleeve 2115. The innerstring adapter 2110 preferably comprises a 
substantially hoUow tubular member or members. The innerstring adapter 2110 
may be fabricated from any number of conventional commercially available 
20 materials such as, for example, oilfield country tubular goods, low alloy steel, 
carbon steeUstainlesssteeloroOiersimilarhighstrength materials. Inapreferred 
embodiment, the innerstiing adapter 2110 is fabricated, from stainless steel in 
order to cptimaUy provide high sb«ngth, low friction, and resistance to corrosion 
and wear. 

The innerstring adapter 2110 may be coupled to the drill string 2105 using 
any numberof conventional commerdaDy available mechanical couplings such as. 

for example, drillpipe connection, oilfield country tubular goods specialty type 
threaded connection, ratchet-latch type connection or a standard tiireaded 
connection. Inapreferred embodiment. theinnerstringadapter2110isremovably 

30 coupled to the drill pipe 2105 by a driUpipe connection. The innerstring adapter 
2110 may be coupled to thesealing8leeve2115usinganynumber of conventional 

commercially available mechanical couplings such as, for example, driUpipe 
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coxmection, oilfield coimiry tubular goods specialty type threaded connection, 
ratchet-latch type threaded connection, or a standard threaded connection. In a 
preferred embodiment^ the innerstring adapter 2110 is removably coupled to the 
sealing sleeve 21 15 by a standard threaded connection. 
5 The innerstring adapter 2110 preferably includes a fluid passage 2 165 that 

is adapted to convey fluidic materials from the fluid passage 2160 into the fluid 
passage 2170. In a preferred embodiment, the fluid passage 2165 is adapted to 
convey fluidic materials such as, for example, cement, epozy , water drilling muds, 
or lubricants at operating pressures and flow rates ranging from about 0 to 9,000 

10 psi and 0 to 3,000 gallons/minute. 

The sealing sleeve 2115 is coupled to the innerstring adapter 2110 and the 
inner sealing mandrel 2120. The sealing sleeve 2115 preferably comprises a 
substantially hollow tubular member or members. The sealing sleeve 21 15 may 
be fabricated from any number of conventional commercially available materials 

15 such as, for example, oil field tubular goods, low alloy steel, carbon steel, stainless 
steel or other similar high strength materials. In a preferred embodiment, the 
sealing sleeve 21 15 is fabricated from stainless steel in order to optimally provide 
bi^ strength, low fidction surfaces, and resistance to corrosion, wear, galling, and 
pitting. 

20 The sealing sleeve 2115 may be coupled to the innerstring adapter 2110 

xising any number of conventional commercially available mechanical couplings 
such as, for example, a standard threaded connection, oilfield country tubular 
goods specialty type threaded connections, welding, amorphous bonding, or a 
standard threaded connection. In a preferred embodiment, the sealingsleeve 2115 

26 is removably coupled to the innerstring adapter 2110 by a standard threaded 
connection. The sealing sleeve 2115 may be coupled to the inner sealing mandrel 
2120 using any number of conventional commercially available mechanical 
couplings such as, for example, a standard threaded connection, oilfield countiy 
tubular goods specialty type threaded connections, welding, amorphous bonding, 

30 or a standard threaded connection. In a preferred embodiment, the sealing sleeve 
2115 is removably coupled to the inner sealing mandrel 2120 by a standard 
threaded coimection. 
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The sealing deeve 2115 preferably includes a fluid passage 2170 that is 
adapted to convey fluidic materials from the fluid passage 2165 into the fluid 
passage 2175. In a preferred embodiment, the fluid passage 2170 is adapted to 
convey fluidic materials such as, for example, cement, epoxy, water, drilling mud, 
5 or lubricants at operating pressures and flow rates ranging from about 0 to 9.000 
psi and 0 to 3,000 gallons/minute. 

The inner sealing mandrel 2120 is coupled to the scaling sleeve 21 15, slips 
2125, and the lower sealinghead 2135. The inner sealingmandrel 2120 preferably 
comprises a substantially hollow tubular member or members. The inner sealing 
10 mandrel 2120 may be fabricated from any number of conventional commercially 
available materials such as, for example, oilfield country tubular goods, low alloy 
steel, carbon steel, stainless steel or other simUar high strength materials. In a 
preferred embodiment, the inner sealing mandrel 2120 is fabricated firom stainless 
steel in order to optimaUy provide high strength, low friction surfaces, and 
15 corrosion and wear resistance. 

The inner sealing mandrel 2120 may be coupled to the sealing sleeve 2115 
using any number of conventional commercially available mechanical couplings 
such as. for example, drillpipe connection, oilfield country tubular goods specialty 
type threaded connection, or a standard threaded connection. In a preferred 
20 embodiment, the inner sealing mandrel 2120 is removably coupled to the sealing 
sleeve 21 15hy a standard threaded connection. The standard threaded connection 
provides high strength and permits easy replacement of components. The inner 
sealing mandrel 2120 may be coupled to the slips 2126 using any number of 
conventional commercially available mechanical couplings such as, for example, 
25 welding, amorphous bonding, or a standard threaded connection. In a preferred 
embodiment, the inner seahng mandrel 2120 is removably coupled to the slips 
2125 by a standard threaded connection. The hmer sealing mandrel 2120 may be 
coupled to the lower sealing head 2135 using any number of conventional 
commercially available mechanical couplings such as, for example, drillpipe 
30 connection, oilfield country tubular goods specialty type threaded connection. 
. welding, amorphous bonding or a standard threaded connection. In a preferred 
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embodiment, the inner sealing mandrel 2120 is removably coupled to the lower 
sealing head 2135 by a standard threaded connection. 

The inner sealing mandrel 2120 preferably inchxdes a fluid passage 2175 
that is adapted to convey fhiidic materials from the fluid passage 2170 into the 
5 fluid passage 2180. In a preferred embodiment, the fluid passage 2175 is adapted 
to convey fluidic materials such as, for example, cement, epoxy, water, drilling mud 
or lubricants at operating pressures and flow rates ranging from about 0 to 9,000 
psi and 0 to 3,000 gallons/minute. 

The slips 2 125 are coupled to the outer surface of the inner sealing mandrel 

10 2120. Diuiig operation of the apparatus 2100, the slips 2125 preferably 

the casing 2165 in a substantially stationary position during the radial expansion 
of the casing 2155. In a preferred embodiment, the slips 2125 are activated using 
the fluid passages 2185 to convey pressurized fluid material into the slips 2125. 
The shps 2125 may comprise any number of commercially available 

15 hydraulic slips such as, for example, RTTS packer tungsten carbide hydraulic slips 
or Model 3L retrievable bridge plug hydraulic slips. In a preferred embodiment, 
the slips 2125 comprise RTTS packer tungsten carbide hydraidic slips available 
from Halliburton Energy Services in order to optimally provide resistance to axial 
movement of the casing 2155 during the expansion process. In a particularly 

20 preferred embodiment, the slips include a fluid passage 2190, pressure chamber 
2195, spring return 2200, and slip member 2205. 

The slips 2 125 may be coupled to the inner sealing mandrel 2120 using any 
nimiber of conventional mechanical couplings. In a preferred embodiment, the 
slips 2125 are removably coupled to the outer surface of the inner sealing mandrel 

25 2120 by a thread connection in order to optimally provide interchangeability of 
parts. 

The upper sealing head 2130 is coupled to the outer sealing mandrel 2140 
and expansion cone 2150. The upper sealing head 2130 is also movably coupled to 
the outer surface of the inner sealing mandrel 2120 and the inner surface of the 
30 casing 2155. In this manner, the upper sealing head 2130 reciprocates in the axial 
direction. The radial clearance between the inner cylindrical surface of the upper 
sealing head 2130 and the outer surface of the inner sealing mandrel 2120 may 



-107- 



2i.:'l.ll 

range, for example, from about 0.025 to 0.05 inches. In a preferred embodiment, 
the radial clearance between the inner cylindrical surface of the upper sealing head 
2130 and the outer surface of the inner sealing mandrel 2120 ranges from about 
0.005 to 0.010 inches in order to optimally provide a pressure seal. The radial 

5 clearance between the outer cylindrical surface of the upper sealing head 2130 and 
the inner surface of the casing 2155 may range, for example, from about 0.025 to 
0-375 inches. In a preferred embodiment, the radial clearance between the outer 
cylindrical surface of the upper sealing head 2130 and the inner surface of the 
casing 2155 ranges from about 0.025 to 0.125 inches in order to optimally provide 

10 stabilization for the expansion cone 2130 during axial movement of the expansion 
cone 2130. 

The upp« sealing head 2130 preferably comprises an annular member 
having substantiaUy qrlindrical inner and outer surfaces. The upper sealing head 
2130 may be fabricated from any number of conventional commercially available 
15 materials such as. for example, low alloy steel, carbon steel, stainless steel or other 
simUar high strength materials. In a preferred embodiment, the upper sealing 
head 2130 is fabricated from stainless steel in order to optimally provide high 
strength, corrosion resistance, and low friction surfaces. The inner surface of the 
upper sealing head2130preferablyincludesoneormore annular seaUngmembers 

20 2210 for sealing the interface between the upper sealing head 2130 and the inner 
sealing mandrel 2120. The sealing members 22 10 may comprise any number of 
conventional commerciaUy available annular sealing members such as, for 
example, o-rings, polypak seals, or metal spring energized seals. In a preferred 
embodiment, the scaling members 2210 comprise polypak seals available from 

25 Parker Seals in order to optimally provide sealing for a long axial stroke. 

In a preferred embodiment, the upper sealinghead 2130 includes a shoulder 
2215 for supporting the upper seaUng head 2130 on the lower sealing head 2135. 

The upper sealing head 2130 may be coupled to the outer sealing mandrel 
30 2140 using any number of conventional commercially available mechanical 
coupUngs such as. for example, drilipipe connection , oilfield country tubular goods 
specialty threadedconnection, welding, amorphousbonding or a standard threaded 
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connection. In a preferred embodiment, the upper sealing head 2130 is removably 
coupled to the outer sealing mandrel 2140 by a standard threaded connection. In 
a preferred embodiment, the mechanical coupling between the upper sealing head 
2130 and the outer sealing mandrel 2140 includes one or more sealing members 
5 2220 for fluidicly sealing the interface between the upper sealing head 2130 and 
the outer sealing mandrel 2140. The sealing members 2220 may comprise any 
number of conventional conmiercially avaUable sealing members such as, for 
example, o-rings, polypak seals, or metal spring energized seals. In a preferred 
embodiment, the sealing members 2220 comprise polypak seals available from 

10 Parker Seals in order to optimally provide sealing for a long axial stroke. 

The lower sealing head 2135 is coupled to the inner sealing mandrel 2120 
and the load mandrel 2145. The lower sealing head 2135 is also movably coupled 
to the inner surface of the outer sealing mandrel 2140. In this manner, the upper 
sealing head 2130, outer sealing mandrel 2140, and e^anaion cone 2150 

15 reciprocate in the axial direction. The radial clearance between the outer surface 
of the lower sealing head 2135 and the inner surface of the outer sealing mandrel 
2140 may range, for example, from about 0.0025 to 0.05 inches. In a preferred 
embodiment, the radial clearance between the outer surface of the lower sealing 
head 2135 and the inner surface of the outer sealing mandrel 2140 ranges from 

20 about 0.0025 to 0.05 inches in order to optimally provide minimal radial clearance. 

The lower sealing head 2136 preferably comprises an annular member 
having substantially cylindrical inner and outer surfaces. The lower sealing head 
2135 may be fabricated from any number of conventk>nal commercially available 
materials such as, for example, oilfield country tubular goods, low alloy steel, 

25 carbon steel, stainless steel or other similar high strength materials. In a preferred 
embodiment, the lower sealing head 2135 is fabricated from stainless steel in order 
to optimally provide high strength, corrosion resistance, and low friction surfaces. 
The outer surface of the lower sealing head 2135 preferably includes one or more 
annular seaUng members 2225 for sealing the interface between the lower sealing 

30 head 2135 and the outer sealing mandrel 2140. The sealing members 2225 may 
comprise any number of conventional commercially available annular sealing 
members such as, for example, o-rings, polypak seals or metal spring energized 
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seals. In a preferred embodiment, the sealing members 2225 comprise polypak 
seals available from Parker Seals in order to optimally provide sealing for a long 
axial stroke. 

The lower sealing head 21 35 may be coupled to the inner sealing mandrel 
5 2120 using any number of conventional commercially available mechanical 
couplings such as, for example, drillpipe connecUon, oilfield country tubular goods 
specialty type threaded connecUon, welding, amorphous bonding, or a standard 
threaded connection. In a preferred embodiment, the lower sealing head 2135 is 
removably coupled to the inner sealing mandrel 2120 by a standard threaded 
10 connection. In a preferred embodiment, the mechanical coupling between the 
lower sealing head 2135 and the inner sealing mandrel 2120 includes one or more 
scaling members 2230 for fluidicly sealing the interface between the lower sealing 
head 2135 and the inner sealing mandrel 2120. The sealing members 2230 may 
comprise any number of conventional commercially available sealing members 
15 such as, for example, o-rings, polypak seals, or metal spring energized seals. In a 
preferred embodiment, the sealing members 2230 comprise polypak seals available 
from Parker Seals in order to optimally provide sealing for a long axial stroke. 

The lower sealing head 2135 may be coupled to the load mandrel 2145 using 
any number of conventional commercially available mechanical couplings such as, 
20 for example, drillpipe connection, oilfield country tubular goods specialty threaded 
connection, welding, amorphous bonding, or a standard threaded connection. In 
a preferred embodiment, the lower sealing bead 2135 is removably coupled to the 
load mandrel 2145 by a standard threaded connection. In a preferred 
embodiment, the mechanical couplingbetween the lower sealing head 2 135 and the 
25 load mandrel 2145 includes one or more sealing members 2236 for nuidicly sealing 
the interface between the lower sealinghead 1930 and the load mandrel 2145. The 
sealing members 2235 may comprise any number of conventional conunerdally 
available sealing members such as, for example, o-rings, polypak seals, or metal 
spring energized seals. In a preferred embodiment, the seaUng members 2235 
30 comprise polypak seals available from Parker Seals in order to optimally provide 
sealing for a long axial stroke. 
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In a preferred embodiment, the lower sealing head 2135 includes a throat 
passage 2240 fluidicly coupled between the fluid passages 2175 and 2180. The 
throat passage 2240 is preferably of reduced size and is adapted to receive and 
engage with a phig 2245, or other similar device. In this manner, the fluid passage 
5 2175i6fluidicly isolatedfromthefluidpassage2180. In this manner, the pressure 
chamber 2250 is pressurized. 

The outer sealing mandrel 2140 is coupled to the upper sealing head 2130 
and the expansion cone 2150. The outer sealing mandrel 2140 is also movably 
coupled to the inner surface of the casing 2155 and the outer surface of the lower 

10 sealing head 2135. In this manner, the upper sealing head 2130, outer sealing 
mandrel 2140, and the expansion cone 2150 reciprocate in the axial direction. The 
radial clearance between the outer surface of the outer sealing mandrel 2140 and 
the inner surface of the casing 2155 may range, for example, from about 0.025 to 
0.375 inches. In a preferred embodiment, the radial clearance between the outer 

15 surface of the outer sealing mandrel 2140 and the inner surface of the casing 2155 
ranges from about 0.025 to 0.125 inches in order to optimally provide stabilization 
for the expansion cone 2130 during the expansion process. The radial clearance 
between the inner surface of the outer sealing mandrel 2140 and the outer surface 
of the lower sealing head 2135 may range, for example, from about 0.005 to 0. 125 

20 inches. In a preferred embodiment, the radial clearance between the inner surface 
of the outer sealing mandrel 2140 and the outer surface of the lower sealing head 
2135 ranges from about 0.005 to 0.010 inches in order to optimally provide 
minimal radial clearance. 

The outer sealing mandrel 2140 preferably con4)rises an aim^ilflr member 

25 having substantially cylindrical inner and outer surfaces. The outer sealing 
mandrel 2140 may be fabricated from any number of conventional commercially 
available materials such as, for example, oilfield coimtiy tubular goods, low alloy 
steel, carbon steel, stainless steel, or other similar high strength materials. In a 
preferred embodiment, the outer sealing mandrel 2 140 is fabricated from stainless 

30 steel in order to optimally provide high strength, corrosion resistance, and low 
friction surfaces. 
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The outer sealing mandrel 2140 may be coupled to the upper sealing head 
2130 using any number of conventional commercially available mechanical 
coupUngs such as. for example, drillpipe connection, oilfield country tubular goods 
specialty threaded connection, welding, amorphous bonding or a standard threaded 

5 connection. In a preferred embodiment, the outer sealing mandrel 2140 is 
removably coupled to the upper sealing head 2130 by a standard threaded 
connection. The outer sealingmandrel 2140 maybe coupled to the expansion cone 
2150 using any number of conventional commercially available mechanical 
couplings such as, for example, drillpipe connection, oilfield country tubular goods 

10 spedalty threaded connection, welding, amorphous bonding, or a standard 
threaded connection. In a preferred embodiment, the outer sealing mandrel 21 40 
is removably coupled to the expansion cone 2150 by a standard threaded 
connection. 

The upper sealing head 2130, the lower sealing head 2135, inner sealing 
15 mandrel 2120. and the outer sealing mandrel 2140 together defme a pressure 
chamber 2250. The pressure chambM- 2250 is fiuididy coupled to the passage2175 

via one or more passages 2255. During operation of the apparatus 2100. the plug 
2245 engages with the throat passage 2240 to fluididy isolate Uie fluid passage 
2 175 fVom the fluid passage 2180. The pressure chamber 2250 is then pressurized 
20 which in him causes the upper sealing head 2130, outer sealingmandrel 2140, and 
expansion cone 2150 to reciprocate in the axial direction. The axial motion of the 
expansion cone 2150 in turn expands the casing 2155 in the radial direction. 

The load mandrel 2145 is coupled to the lower sealing head 2135. The load 
mandrel 2145 preferably comprises an annular member having substantially 
25 cylindrical inner and outer surfaces. The load mandrel 2145 may be fabricated 
from any number of conventional commercially available materials such as, for 
example, oilfield countiy titular goods, low alloy steel, carbon steel, stainless steel 
or other similar high strength materials. In a preferred embodiment, the load 
mandrel 2145 is fabricated from stainless steel in order to optimally provide hi^ 
30 strength, corromon resistance, and low friction bearing surfaces. 

The load mandrel 2 145 may be coupled to the lower sealmg head 2135 using 
any number of conventional commercially available mechanical couplings such as. 
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for example, drillpipe connection, oilfield coxintry tubular goods specialty threaded 
connection, welding, amorphous bonding or a standard threaded connection. In 
a preferred embodiment, the load mandrel 2145 is removably coupled to the lower 
sealing head 2 135 by a standard threaded connection in order to optimally provide 
5 high strength and permit easy replacement of the load mandrel 2145. 

The load maadrel 2145 preferably includes a fluid passage 2180 that is 
adapted to convey fluidic materials from the fluid passage 2180 to the region 
outside of the apparatus 2100. In a preferred embodiment, the fluid passage 2180 
is adapted to convey fluidic materials such as, for example, cement, epoxy^ water, 

10 drilling mud, or lubricants at operating pressures and flow rates ranging from 
about 0 to 9,000 psi and 0 to 3,000 gaUons/minute. 

The expansion cone 2 150 is coupled to the outer sealing mandrel 2 140. The 
expansion cone 2150 is also movably coupled to the inner surface of the casing 
2155. In this manner, the upper sealing head 2130, outer sealing mandrel 2140, 

15 and the expansion cone 2150 reciprocate in the axial direction. The reciprocation 
of the expansion cone 2150 causes the casing 2155 to expand in the radial 
direction. 

The expansion cone 2150 preferably comprises an unnn lur member having 
substantially cylindrical inner and conical outer surfaces. The outside radius of 

20 the outside conicd surface may range, for example, from about 2 to 34 inches. In 
a preferred embodiment, the outside radius of the outside conical surface ranges 
from about 3 to 28 inches in order to optimally provide cone dimensions that are 
optimal for typical casings. The axial length of the expansion cone 2150 may 
range, for example, fix>m about 2 to 6 times the largest outside diameter of the 

25 expansioncone2150. Inapreferredembodiment,theaxialIengthoftheexpansion • 
cone 2150 ranges ttom about 3 to 5 times the largest outside diameter of the 
expansion cone 2150 in order to optimaOy provide stability and centralization of 
the expansion cone 2150 during the expansion process. In a particularly preferred 
embodiment, the maximum outside diameter of the expansion cone 2150 is 

30 between about 90 to 100 % of the inade diameter of the existing wellbore that the 
casing2155 will be joined with. Inapreferred embodiment, the angle of attack of 
the expansion cone 2150 ranges from about 5 to 30 degrees in order to optimally 
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balance friction forces and radial expansion forces. The optimal expansion cone 
2150 angle of attack will vary as a function of the particular operating conditions 
of the expansion operation. 

The expansion cone 2150 may be fabricated from any number of 

5 conventional commercially avaUable materials such as, for example, machine tool 
steel, nitride steel, titanium, tungsten carbide, ceramics, or other similar high 
strength materials. In a preferred embodiment, the expansion cone 2150 is 
fabricated from D2 machine tool steel in order to optimally provide high strength 
and resistance to wear and galling. In a particularly preferred embodiment, the 

10 outside surface of the expansion cone 2150 has a surface hardness ranging from 
about 58 to 62 Rockwell C in order to optimally provide resistance to wear. 

The expansion cone 2150 may be coupled to the outside sealing mandrel 
2140 using any number of conventional commercially available mechanical 
couplings such as, for example, drillpipe connection, oilfield country tubular goods 

15 specialty type threaded connection, welding, amorphous bonding or a standard 
threaded connection. In a preferred embodiment, the expansion cone 2150 is 
coupled to the outside 8ealingmandrel2140usingastandard threaded connection 

in order to optimally provide high strength and permit the expansion cone 2150 

to be easily replaced. 
20 The casing 2155 is removably coupled to the slips 2125 and expansion cone 

2150. The casing 2155 preferably comprises a tubular member. The casing 2155 

may be fabricated from any number of conventional commerciaUy available 
materials suchas,forexample. Blotted tubulars. oilfield country tubular gD0ds,low 

alloy steel, carbon steel, stainless steel or other similar high strragth material. In 
25 a preferred embodiment, the casing 2155 is fabricated from oilfield country tubular 
goods available from variousforeign and domestic steel mills in order to optimaUy 

provide hi^ strength. 

In a preferred embodiment, the upper end 2260 of the casing2155 indudes 
athin waU section2265 and an outer annular sealing member 2270. Inapreferred 
30 embodiment, the wall thickness of the thin wall section 2265 is about 50 to 100 % 
of the regular wall thickness of the casing 2155. In this manner, the upper end 
2260 of the casing 2155 may be easQy expanded and deformed into intimate 
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contapt with the lower end of an existing section of wellbore casing. In a preferred 
embodiment, the lower end of the existing section of casing also inchides a thin 
wall section. In this manner, the radial expansion of the thin walled section 2265 
of casing 2155 into the thin walled section of the existing wellbore casing results 
5 in a wellbore casing having a substantially constant inside diameter. 

The annular sealing men^r 2270 may be fabricated from any number of 
conventional conunerdally available sealingmaterials such as, for example, epoxy, 
rubber, metal or plastic. In a preferred embodiment, the annular sealing member 
2270 is fabricated from StrataLock epoxy in order to optimally provide 

10 compressibility and resistance to wear. The outside diameter of the annular 
sealing member 2270 preferably ranges from about 70 to 95 % of the inside 
diameter of the lower section of the wellbore casing that the casing 2 156 is joined 
to. In this manner, after expansion, the Anniiiar seaUng member 2270 preferably 
provides a fluidic seal and also preferably provides sufiicient frictional force with 

15 the inside surface of the existing section of wellbore casing during the radial 
expansion of the casing 2155 to support the casing 2155. 

In a preferred embodiment, the lower end 2275 of the casing 2155 includes 
a thin wall section 2280 and an outer annular sealing member 2285. Inapreferred 
embodiment, the wall thickness of the thin wall section 2280 is about 60 to 100 % 

20 of the regular wall thickness of the casing 2155. In this manner, the lower end 

2275 of the casing 2155 may be easily expanded and deformed. Furthermore, in 
this manner, an other section of casing may be easily joined with the lower end 

2276 of the casing 2156 using a radial expansion process. In a preferred 
embodiment, the upper end of the other section of casing also includes a thin waD 

25 section. In this manner, the radial expansion of the thin walled section of the 
upper end of the other casing into the thin walled section 2280 of the lower end of 
the ca8]ng2155 results in a wellbore causing having a substantially constant inside 
diameter. 

The annular sealing member 2285 may be fabricated from any number of 
30 conventional commercially available sealing materials such as, for example, epoxy, 
rubber, metal or plastic. In a preferred embodiment, the annular sealing member 
2285 is fabricated from StrataLock epoxy in order to optimally provide 
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compressibiUty and wear resistance. The outside diameter of the annxilar sealing 
member 2285 preferably ranges from about 70 to 95 % of the inside diameter of the 
lower section of the existing wellbore casing that the casing 2155 is joined to. In 
this manner, the annular sealing member 2285 preferably provides a Ouidic seal 
5 and also preferably provides sufficient frictional force with the inside wall of the 
wellbore during the radial expansion of the casing2155 to support the casing 2 155. 

During operation, the apparatus 2100 is preferably positioned in a wellbore 
with the upper end 2260 of the casing 2155 positioned in an overlapping 
relationship with the lower end of an existing wellbore casing. In a particularly 
10 preferred embodiment, the thin wall section 2265 of the casing 2155 is positioned 
in opposing overlapping relation with the thin wall section and outer annular 
sealing member of the lower end of the existing section of wellbore casing. In this 
manner, the radial expansion of the casing 2155 will compress the thm wall 
sections and annular compressible members of the upper end 2260 of the casing 
15 2155 and the lower end of the existing weUbore casing into intimate contact. 
During the positioning of the apparatus 2100 m the wellboie, the casing 2155 is 
supported by the expansion cone 2150. 

After positioning of the apparatus 2100. a first nuidic material is then 
pumped into the Huid passage 2160. The first ttuidic material may comprise any 
20 number of conventional commercially available materials such as. for example, 
diilUng mud. water, epoxy, or cement. In a preferred embodiment, the first fluidic 
material comprises a hardenable fluidic sealing material such as. for example, 
cement or epoxy in order to provide a hardenable outer annular body around the 
expanded casing 2155. 
25 The first fluidic material may be pumped into the fluid passage 2160 at 

operating pressures and flow rates ranging, for example, from about 0 to 4,500 psi 
and 0 to 3,000 gallons/minute. In a preferred embodiment, the first fluidic 
material is pumped into the fluid passage 2160 at operating pressures and flow 
rates ranging from about 0 to 3.500 psi and 0 to 1.200 gallons/minute in order to 
30 optimally provide operational eflidency. 

The first fluidic material pumped into the fluid passage 2160 passes through 
the fluid passages 2165. 2170, 2175. 2180 and then outside of the apparatus 2100. 
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The first fluidic material then fills the annxilar region between the outside of the 
apparatus 2100 and the interior walls of the wellbore. 

The plug 2245 is then introduced into the fliiid passage 2160. The plug 2245 
lodges in the throat passage 2240 and (luidicly isolates and blocks off the fluid 
5 passage 2175. In a preferred embodiment, a couple of volumes of a non-haidenable 
fluidic material are then pumped into the fluid passage 2160 in order to remove 
any hardenable fluidic material contained within and to ensure that none of the 
fluid passages are blocked. 

A second fluidic material is then pumped into the fltud passage 2160. The 

10 second fluidic material may comprise any number of conventional commendally 
available materials such as, for example, drillmg mud, water, drilling gases, or 
lubricants. In a preferred embodiment, the second fluidic material comprises a 
non-hardenable fluidic material such as, for example, water, drilling mud or 
hibricant in order to optimally provide pressurization of the pressure chamber 

15 2250 and minimize frictional forces. 

The second fluidic material may be pumped into the fluid passage 2160 at 
operating pressures and flow rates ranging, for example, from about 0 to 4,500 psi 
and 0 to 4,600 gallona^minute. In a preferred embodiment, the second fluidic 
material is pumped into the fluid passage 2160 at operating pressures and flow 

20 rates ranging from about 0 to 3,500 psi and 0 to 1,200 gallons/minute in order to 
optimally provide operational efficiency. 

The second fluidic material pumped into the fluid passage 2160 passes 
through the fluid passages 2165, 2170, and 2175 into the pressure chambers 2195 
of the slips 2125, and into the pressure chamber 2250. Continued pumping of the 

25 second fluidic material pressurizes the pressure chambers 2195 and 2260. 

The pressurization of the pressure chambers 2195 causes the slip members 
2205 to expand in the radial direction and grip the interior surface of the casing 
2155. The casing2155 is then preferably maintained in a substantially stationary 
position. 

30 The pressurization of the pressure chamber 2250 causes the upper sealing 

head 2130, outer seahng mandrel 2140 and expansion cone 2150 to move in an 



-117. 



25791. 11 

axial direction relative to the casing 2155. In this manner, the expansion cone 

2150 will cause the casing 2155 to expand in the radial direction. 

During the radial expansion process, the casing 2155 is prevented from 

moving in an upward direction by the slips 2125 . A length of the casing 2155 is 

5 then expanded in the radial direction through the pressurization of the pressure 

chamber 2250. The length of the casing 2155 that is expanded during the 

expansion process wiU be proportional to the stroke length of the upper sealing 

head 2130, outer sealing mandrel 2140, and expansion cone 2150. 

Uponthecompletionofastroke,theoperatingpressureofthe6econdfluidic 

10 material is reduced and the upper sealing head 2130, outer sealing mandrel 2140. 
and expansion cone 2150 drop to their rest posiUons with the casing 2155 
supported by the expansion cone 2150. The position of the drillpipe 2105 is 
preferably a4|usted throughout the radial expansion process in order to maintain 
the overlapping relationship between the thin walled sections of the lower end of 

15 theexistingweUborecasingandtheupperendofthecasing2155. Inapreferred 
embodiment, the stroWng of the expansion cone 2150 is then repeated, as 
necessary, until the thin vralled section 2265 of the upper end 2260 of the casing 
2155 is expanded into the thin walled section of the lower end of the existing 
wdlboie casing. In this manner, a wellbore casing is formed including two 

20 adjacentsectionsofcasinghavingasubstantiallyconstantinsidediameter. This 
processmaythenberepeatedfortheentiretyoftheweUboretoprovideaweUbore 
casing thousandsof feet in length havingasubstantiallyconstantinside diameter. 

In a preferred embodiment, during the final stroke of the expansion cone 
2150, the sbps 2125 are positioned as dose as possible to the thin walled section 
25 2265 of the upper end of the casing 2155 in order minimize sUppage between the 
casing 2155 and the existing wellbore casing at the end of the radial expansion 
process. Alternatively, or in addition, the outside diameter of the ammlar sealing 
member 2270 is selected to ensure sufficient interference fit with the inside 
diameter of the lower end of the existing casing to prevent axial displacement of 
30 thecasi»g2155durinBthefinalstroke. Alternatively, or in addition, the outside 
diameteroftheannularsealingmember2285isselectedtoprovideaninterference 

fit with the inside walls of the wellbore at an earUer point in the radial expansion 
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process so as to prevent further axial difiplacement of the casing 2155. In this 
final alternative, the interference fit is preferably selected to pennit expansion of 
the casing 2155 by pulling the expansion cone 2150 out of the wellbore, without 
having to pressurize the pressure chamber 2250. . 
5 During the radial expansion process, the pressurized areas of the apparatus 

2100 are limited to the fluid passages 2160, 2165, 2170, and 2175, the pressure 
chambers 2195 within the slips 2125, and the pressure chamber 2250. No fluid 
pressure acts directly on the casing 2155. This permits the use of operating 
pressures higher than the casing 2155 could normally withstand. 

10 Once the casing 2155 has been completely expanded off of the expansion 

cone 2150, remaining portions of the apparatus 2100 are removed from the 
wellbore. In a preferred embodiment, the contact pressure between the deformed 
thin wall sections and compressible annular members of the lower end of the 
existing casing and the \jpper end 2260 of the casing 2 155 ranges from about 500 

15 to 40,000 psi in order to optimally support the casing 2155 using the existing 
wellbore casing. 

In this manner, the casing 2155 is radially expanded into contact with an 
existing section of casing by pressurizing the interior fluid passages 2160, 2165, 
2170, and 2175 and the pressure chamber 2250 of the apparatus 2100. 

20 In a preferred embodiment, as required, the annxilar body of hardenable 

fluidic material is then allowed to cure to form a rigid outer annular body about 
the expanded casing 2155. In the case where the casing 2155 is slotted, the cured 
fluidic material preferably permeates and envelops the expanded casing 2 1 55. The 
resulting new section of wellbore casing includes the expanded casing 2 155 and the 

25 rigid outer annular body. The overlappingjoint between the pre-existing wellbore 
casing and theexpanded casing2155 includes the deformed thin wall sections and 
the compressible outer aimular bodies. The inner diameter of the resulting 
combined wellbore casings is substantially constant. In this manner, a mono- 
diameter wellbore casing is formed. Thisprocessofexpandingoverlappingtubular 

30 members having thin wall end portions with compressible annular bodies into 
contact can be repeated for the entire length of a wellbore. In this manner, a 
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mono-diameter weUbore casing can be provided for thousands of feet in a 

subterranean formatioa. 

In a preferred embodiment, as the expansion cone 2150 nears the upper end 
of the casing2155, the operating Oow rate of the second fluidic material is reduced 
5 in order to minimize shock to the apparatus 2100. In an altemaUve embodiment, 
the apparatus 2100 includes a shock absorber for absorbing the shock created by 
the completion of the radial expansion of the casing 2155. 

In a preferred embodiment, the reduced operating pressure of the second 
fluidic material ranges from about 100 to 1.000 psi as the expansion cone 2130 
10 nears the end of the casing 2155 in order to optimally provide reduced axial 
movement and velocity of the expansion cone 2130. In a preferred embodiment, 
the operating pressure of the second fluidic material is reduced during the return 
stroke of the apparatus 2100 to the range of about 0 to 500 psi in order minimize 
the resistance to the movement of the expansion cone 2130 during the return 
15 stroke. In a preferred embodiment, the stroke length ofthe apparatus 2 100 ranges 
from about 10 to 45 feet in order to optimally provide equipment lengths thatcan 
be handled by conventional oil weU rigging equipment while also minimizing the 
frequency at which theexpansioncone2130mustbe stopped so that the apparatus 

2100 can be re-stroked. 
20 In an alternative embodiment, at least a portion ofthe upper sealing head 

2130 includes an expansion cone for radially expanding the casing 2155 during 
operation ofthe apparatus 2100 in order to increase the surface area ofthe casing 
2155 acted upon during the radial expansion process. In this manner, the 
operating pressures can be reduced. 
25 Alternatively, the apparatus 2100 may be used to join a first section of 

pipeline to an existing section of pipeline. Alternatively, the apparatus 2100 may 
be used to directly hne the interior of a wellbore with a casing, without the use of 
an outer annular layerofahardenable material. Altematively.theapparatus2100 

may be used to expand a tubular support member in a hole. 
30 Referring now to Figures 17, 17a and 17b. another embodiment of an 

apparatus2300forexpandingatubularmemberwillbedescribed. The apparatus 
2300 preferably includes a drillpipe 2305. an innerstring adapter 2310. a sealing 
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sleeve 2315, a hydraulic slip body 2320, hydraulic slips 2325, an inner sealing 
mandrel 2330, an upper sealing head 2336, a lower sealing head 2340, a load 
mandrel 2345, an outer sealing mandrel 2350, an expansion cone 2355, a 
mechanical slip body 2360, mechanical slips 2365, drag blocks 2370, casing 2375, 
5 fluid passages 2380, 2385, 2390, 2395. 2400, 2405, 2410, 2415, and 2485, and 
mandrel launcher 2480. 

The drillpipe 2305 is coupled to the innerstring adapter 2310. During 
operation of the apparatus 2300, the drillpipe 2305 supports the apparatus 2300. 
The drillpipe 2305 preferably comprises a substantially hollow tubtdar member or 

10 members. The drillpipe 2305 may be fabricated from any number of conventional 
commerciaUy available materials such as, for example, oilfield country tubular 
goods, low alloy steel, carbon steel, stainless steel or other similar high strength 
materials. In a preferred embodiment, the drillpipe 2305 is fabricated from coiled 
tubing in order to fadliate the placement of the apparatus 2300 in non-vertical 

15 wellbores. The drillpipe 2305 may be coupled to the innerstring adapter 2310 
using any number of conventional commercially available mechanical couplings 
such as, for example, drillpipe connection, oilfield coimtry tubular goods specialty 
threaded connection, or a standard threaded connection. In a preferred 
embodiment, the drillpipe 2305 is removably coupled to the innerstring adapter 

20 2310 by a drillpipe connection. 

The drillpipe 2305 preferably inchides a fluid passage 2380 that is adapted 
to convey fluidic materials from a surface location into the fluid passage 2385. In 
a preferred embodiment, the fluid passage 2380 is adapted to convey fluidic 
materials such as, for example, cement, water, epoxy , drilling muds, or lubricants 

25 at operating pressures and flow rates ranging from about 0 to 9,000 psi and 0 to 
5,000 gallons/minute in order to optimally provide operational efficiency. 

The innerstring adapter 2310 is coupled to the driU string 2305 and the 
sealing sleeve 2315. The innerstring adapter 2310 preferably comprises a 
substantially hollow tubular member or members. The innerstring adapter 23 10 

30 may be fabricated from any number of conventional commercially available 
materials such as, for example, oilfield country tubular goods, low alloy steel, 
carbon steel, stainless steel or other similar high strength materials. In a preferred 
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embodiment, the iimerstrmg adapter 2310 is fabricated from stainless steel in 
order to optimally provide high strength, corrosion resistance, and low friction 
surfaces. 

The innerstring adapter 2310 may be coupled to the drill string 2305 using 
5 any number of conventional commBrdally available mechanical couplings such as, 
for example, drillpipe connecUon, oilfield country tubular goods specialty threaded 
connection, or a standard threaded connection. In a preferred embodiment, the 
innerstring adapter 2310 is removably coupled to the drill pipe 2305 by a driUpipe 
conneaion. The innerstring adapter 2310 may be coupled to the sealing sleeve 
10 2315 uang any number of conventional commercially available mechanical 
couplings such as, for example, a driUpipe connection, oilfield country tubular 
goods specialty threaded connection, or a standard threaded connection. In a 
preferred embodiment, the innerstring adapter 2310 is removably coupled to the 
sealing sleeve 2315 by a standard threaded connection. 
15 The innerstringadapter 2310 preferably includes a fluid pasiage 2385 that 

is adapted to convey fluidic materials from the fluid passage 2380 into the fluid 
passage 2390. In a preferred cmbodunent, the fluid passage 2386 is adapted to 
conv«?y fluidic materials such as, for example, cement, epoxy, water, drilling mud, 
drilfing gases or lubricants at operating pressures and flow rates ranging from 
20 about 0 to 9.000 psi and 0 to 3,000 gallons/minute. 

The sealmg sleeve 2315 is coupled to the innerstring adapter 2310 and the 
hydrauKc sUp body 2320. The sealing sleeve 2315 preferably comprises a 
substantially hollow tubular member or members. The sealing sleeve 2315 may 
be fabricated from any number of conventional commercially available materials 
25 such as, for example, oilfield country tubular goods, low alloy steel, carbon steel, 
stainless steel or other similar high strength materials. In a preferred 
embodiment, the sealing sleeve 2315 is fabricated from stainless steel in order to 
opUmally provide high strength, corrosion resistance, and low-friction surfaces. 
The sealing sleeve 2315 may be coupled to the innerstring adapter 2310 
30 uang any number of conventional commercially available medianical couphngs 
suchas,for example, drillpipe connections, oilfield country tubular goods specialty 
threaded connections, or a standard threaded connection. In a preferred 
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embodiment, the sealing sleeve 2315 is removably coupled to the innerstring 
adapter 2310 by a standard threaded connection. The sealing sleeve 2315 may be 
coupled to the hydrauMc slip body 2320 using any nximber of conventional 
commercially available mechanical couplings such as, for example, drillpipe 
5 connection, oilQeld country tubular goods specialty threaded coimection, or a 
standard threaded connection. In apreferred embodiment, the sealing sleeve 2315 
is removably coupled to the hydraulic slip body 2320 by a standard threaded 
connection. 

The sealing sleeve 2315 preferably includes a fluid passage 2390 that is 

10 adapted to convey fluidic materials firom the fluid passage 2385 into the fluid 
passage 2395. In a preferred embodiment, the fluid passage 2315 is adapted to 
convey fluidic materials such as, for example, cement, epoxy, water, drilling mud 
or lubricants at operating pressures and flow rates ranging from about 0 to 9,000 
psi and 0 to 3,000 gallons/minute. 

15 The hydrauhc slip body 2320 is coupled to the sealing sleeve 2315, the 

hydrauhc slips 2325, and the inner sealing mandrel 2330. The hydraulic slip body 
2320 preferably comprises a substantially hollow tubular member or members. 
The hydraulic slip body 2320 may be fabricated from any number of conventional 
commercially available niaterials such as, for example, oilfield covmtiy tubxilar 

20 goods, low alloy steel, carbon steel, stainless steel or other high strength material. 
In a preferred embodiment, the hydrauhc slip body 2320 is fabricated from carbon 
steel in order to optimally provide high strength at low cost. 

The hydrauhc slip body 2320 may be coupled to the sealing sleeve 2315 
using any number of conventional commercially available mechanical couplings 

25 such as, for example, drillpipe connection, oilfield country tubxilar goods specialty 
threaded connection, or a standard threaded connection. In a preferred 
embodiment, the hydraulic slip body 2320 is removably coupled to the sealing 
sleeve 2315 by a standard threaded connection. The hydraulic sUp body 2320 may 
be coupled to the slips 2325 using any number of conventional commercially 

30 available mechanical couplings such as, for example, drillpipe connection, oilfield 
country tubular goods specialty threaded connection , welding, amorphous bonding 
or a standard threaded connection. In a preferred embodiment, the hydraulic slip 
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body 2320 is removably coupled to the sUps 2325 by a standard threaded 
connection. The hydraulic sUp body 2320 may be coupled to the inner sealing 
mandrel 2330 using any number of conventional commercially available 
mechanical couplings such as, for example, drillpipe connection, oilfield country 
5 tubular goods specialty threaded connection, welding, amorphous bonding or a 
standard threaded connection. Inapreferred embodiment, the hydraulic slip body 
2320 is removably coupled to the inner sealing mandrel 2330 by a standard 

threaded connection. 

The hydraulic slips body 2320 preferably includes a fluid passage 2395 that 
10 is adapted to convey fluidic materials from the fluid passage 2390 into the fluid 
passage 2405. In a preferred embodiment, the fluid passage 2395 is adapted to 
convey fluidic materials such as, for example, cement, epoxy, water, drilling mud 
or lubricants at operating pressures and flow rates ranging from about 0 to 9,000 
psi and 0 to 3,000 gallons/minute. 
15 The hydraulic slips body 2320 preferably includes fluid passage 2400 that 

are adapted to convey fluidic materials from the fluid passage 2395 into the 
pressure chambers 2420 ofthe hydraulic slips 2325. In this manner, the slips 2325 
are activated upon the pressuriiation ofthe fluid passage 2395 into contact with 
the inside surface of the casing 2375. In a preferred embodiment, the fluid 
20 passages 2400 are adapted to convey fluidic materials such as, for example, water, 
drifling mud or lubricants at operating pressures and flow rates ranging from 
about 0 to 9,000 psi and 0 to 3,000 gallons/minute. 

The slips 2325 are coupled to the outside surface ofthe hydraulic sUp body 
2320. During operation of the apparatus 2300. the sUps 2325 are activated upon 
25 thcpressurizationof thefluidpassage2395 into contact with the inside surface of 
the casing 2375. In this manner, the sUps 2325 maintain the casing 2375 in a 
substantially stationary position. 

The sUps 2325 preferably include the fluid passages 2400, the pressure 
chambers 2420, spring bias 2425, and slip members 2430. The slips 2325 may 
30 comprise any number of conventional commercially available hydraulic slips such 
as, for example, RTTS packer tungsten cart)ide hydraulic slips or Model 3L 
retrievable bridge plug with hydrauUc sUps. In a preferred embodiment, the sUps 
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2325 comprise RITS packer tungsten carbide hydraulic slips available from 
Halliburton Energy Services in order to optimally provide resistance to ^tiaI 
movement of the casing 2375 during the radial expansion process. 

The inner sealing mandrel 2330 is coupled to the hydraulic slip body 2320 
5 and the lower sealing head 2340. The inner sealing mandrel 2330 preferably 
comprises a substantially hollow tubular member or members. The inner sealing 
mandrel 2330 may be fabricated from any number of conventional commercially 
available materials such as, for example, oilfield coujitry tubular goods, low alloy 
steely carbon steel, stainless steel or other similar high strength materials. In a 
10 preferred embodiment, the inner sealing mandrel 2330 is fabricated from stainless 
steel in order to optimally provide high strength, corrosion resistance, and low 
friction surfaces. 

The inner sealing mandrel 2330 may be coupled to the hydraulic slip body 
2320 using any number of conventional commercially available mechanical 

15 couplings such as, for example, drillpipe connection, oilfield country tubular goods 
specialty threaded connection, welding, amorphous bonding, or a standard 
threaded connection. In a preferred embodiment, the inner sealing mandrel 2330 
is removably coupled to the hydraulic slip body 2320 by a standard threaded 
connection. The inner sealing mandrel 2330 may be coupled to the lower sealing 

20 head 2340 using any number of conventional commercially available mechanical 
couplings such as, for example, driUpipe connection, oilfield countiy tubular goods 
specialty threaded connection, welding, amorphous bonding, or a standard 
threaded connection. In a preferred embodiment, the inner sealing mandrel 2330 
is removably coupled to the lower sealing head 2340 by a standard threaded 

25 connection. 

The inner sealing mandrel 2330 preferably includes a fluid passage 2405 
that is adapted to convey fluidic materials from the fluid passage 2395 into the 
fluid passage 2415. In a preferred embodiment, the fluid passage 2405 is adapted 
to convey fluidic materials such as, for example, cement, epojgr, water, drilling 
30 mud, or lubricants at operating pressures and flow rates ranging from about 0 to 
9.000 psi and 0 to 3,000 gallons/minute. 
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The upper sealing head 2335 is coupled to the outer sealingr mandrel 2345 
and expansion cone 2355. The upper sealing head 2335 is also movably coupled to 
the outer surface of the inner sealing mandrel 2330 and the inner surface of the 
casing 2375. In this manner, the upper sealing head 2335 reciprocates in the axial 
5 direction. The radial clearance between the inner <ylindrica] surface of the upper 
sealing head 2335 and the outer surface of the inner sealing mandrel 2330 may 
range, for example, from about 0.0025 to 0.05 inches. In a preferred embodiment, 
the radial clearance between the inner cylindrical surface of the upper sealing head 
2335 and the outer surface of the inner sealing mandrel 2330 ranges from about 
10 0.005 to 0.01 inches in order to optimally provide minimal clearance. The radial 
clearancebetween the outer cylindrical surface of the upper sealinghead 2335 and 
the inner surface of the casing 2375 may range, for example, from about 0.025 to 
0.375 inches. In a preferred embodiment, the radial clearance between the outer 
cylindrical surface of the upper sealing head 2335 and the inner surface of the 
15 casing 2375 ranges from about 0.026 to 0.125 inches in order to optimally provide 
stebiUzation for the expansion cone 2355 during the rapansion process. 

The upper sealing head 2335 preferably comprises an annular member 
having substantially cylindrical inner and outer surfaces. The upper sealinghead 
2335 may be fabricated from any number of conventional commercially available 
20 materials such as. for example, oilfield country tubular goods, low aUoy steel, 
carbon steel, stainless steel or other similar higb strength materials. In a preferred 
embodiment, theupper sealinghead 2335bfabricatedfrom stainless steel in order 

to optimally provide high strength, corrosion resistance, and low friction surfaces. 
The inner surf-ace of the upper sealing head 2335 preferably includes one or more 
25 annularsealingmembcrs2435forsealingtheinteri-acebetweentheupper8ealing 

head 2335 and the inner sealing mandrel 2330. The sealing members 2435 may 
comprise any number of conventional commercially available annular sealing 
members such as, for example, o-rings. polypak seals or metal spring energized 
seals. In a preferred embodiment, the sealing members 2435 comprise polypak 
30 seals available from Parker Seals in order to optimally provide sealing for a tong 
axial stroke. 
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In a preferred embodiment, the upper sealing head 2335 includes a shoulder 
2440 for supporting the upper sealing head on the lower sealing head 1930. 

The upper sealing head 2336 may be coupled to the outer sealing mandrel 
2350 using any number of conventional commercially available mechanical 
5 couplings such as, for example, drillpipe connection, oilfield country tubular goods 
specialty threaded connection, welding, amorphous bonding, or a standard 
threaded connection. In a preferred embodiment, the upper sealing head 2335 is 
removably coupled to the outer sealing mandrel 2350 by a standard threaded 
connection. In a preferred embodiment, the mechanical coupling between the 

10 upper sealing head 2335 and the outer sealing mandrel 2350 includes one or more 
sealing members 2445 for fluididy sealing the interface between the upper sealing 
head 2335 and the outer sealing mandrel 2350. The sealing members 2445 may 
comprise any number of conventional commercially available sealing members 
such as, for example, o-rings, polypak seals or metal spring energized seals. In a 

15 preferred embodiment, the sealingmembers 2445 comprise polypak seals available 
from Parker Seals in order to optimaUy provide sealing for long axial strokes. 

The lower sealing head 2340 is coupled to the inner sealing mandrel 2330 
and the load mandrel 2345. The lower sealing head 2340 is also movably coupled 
to the inner surface of the outer sealing mandrel 2350. In this manner, the upper 

20 sealing head 2335 and outer sealing mandrel 2350 reciprocate in the axial 
direction. The radial clearance between the outer surface of the lower sealing 
head 2340 and the inner surface of the outer sealing mandrel 2350 may range, for 
example, from about 0.0025 to 0.05 inches. In a preferred embodiment, the radial 
clearance between the outer siuiace of the lower sealing head 2340 and the inner 

25 surface of the outer sealing mandrel 2350 ranges from about 0.005 to 0.010 inches 
in order to optimally provide minimal radial clearance. 

The lower sealing head 2340 preferably comprises an annular member 
having substantially cylindrical inner and outer surfaces. The lower sealing head 
2340 may be fabricated from any number of conventional commercially available 

30 materials such as, for example, oilfield tubular members, low alloy steel, carbon 
steel, stainless steel or other similar high strength materials. In a preferred 
embodiment, the lower sealing head 2340 is fabricated from stainless steel in order 
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to optimaUy provide high strength, corrosion resistance, and low friction surfaces. 
The outer surface of the lower sealing head 2340 preferably includes one or more 
annular sealing members 2450 for sealing the interface between the lower sealing 
head 2340 and the outer sealing mandrel 2350. The sealing members 2450 may 
5 comprise any number of conventional commerdaUy available annular sealing 
members such as. for example, o-ringa, polypak seals or metal spring energized 
seals. In a preferred embodiment, the sealing members 2450 comprise polypak 
seals available from Parker Seals in order to optimalfy provide sealing for a long 
axial stroke. 

10 The lower sealing head 2340 may be coupled to the inner sealing mandrel 

2330 uang any number of conventional commercially available mechanical 
couplings such as, for example, drillpipe connection, oilfield country tubular 
specialty threaded connection, welding, amorphous bonding, or standard threaded 
connection. In a preferred embodiment, the lower sealing head 2340 is removably 

15 coupled to the inner sealing mandrel 2330 by a standard threaded connection. In 
a preferred embodiment, the mechanical coupling between the lower sealing head 
2340 and the inner sealing mandrel 2330 includes one or more sealing members 
2455forfluidicly sealingthe interfacebctween the lower sealing head 2340andthe 
inner sealing mandrel 2330. The sealing members 2455 may comprise any number 

20 of conventional commercially available sealing members such as. for example, o- 
rings, polypak or metal spring energized seals. In a preferred embodiment, the 
sealingmembere2455 comprise polypak sealsavailablefromParker Seals in order 

to optimally provide sealing for a long axial stroke length. 

The lower sealing head 2340 may be coupled to the load mandrel 2345 using 

25 anynumberofconventionalcommerciallyavailablemechanicalcouplingssuchas, 
forexample, drillpipe connection, oilfield country tubular goodsspecialty threaded 
connection, welding, amorphous bonding or a standard threaded connection. In 
a preferred embodiment, the lower sealing head 2340 is removably coupled to the 
load mandrel 2345 by a standard threaded connection. In a preferred 

30 embodiment. theinechanicalcouplingbetweenthelowersealinghead234Dandthe 
load mandrel2345includesoneormoresealingmembers2460forfluidicly sealing 
theinterfacebetween the lower sealinghead2340 and theloadmandrel 2345. The 
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sealing members 2460 may comprise any number of conventional commercially 
available sealing members such as, for example, o-rings, polypak seals or metal 
spring energized seals. In a preferred embodiment, the sealing members 2460 
comprise polypak seals available from Parker Seals in order to optimally provide 
5 sealing for a long axial stroke length. 

In a preferred embodiment, the lower sealing head 2340 includes a throat 
passage 2465 fluidicly coupled between the fluid passages 2405 and 2415, The 
throat passage 2465 is preferably of reduced size and is adapted to receive and 
engage with a plug 24 70, or other similar device. In this manner, the fluid passage 

10 2405 is fluidicly isolated from the fluid passage 2415. In this manner, the pressure 
chamber 2475 is pressurized. 

The outer sealing mandrel 2350 is coupled to the upper sealing head 2335 
and the expansion cone 2355. The outer sealing mandrel 2350 is also movably 
coupled to the inner surface of the casing 2375 and the outer surface of the lower 

15 sealing head 2340. In this mazmer, the upper sealing head 2335, outer sealing 
mandrel 2350, and the expansion cone 2355 reciprocate in the axial direction. The 
radial clearance between the outer surface of the outer sealing mandrel 2350 and 
the inner surface of the casing 2375 may range, for example, from about 0.025 to 
0.375 inches. In a preferred embodiment, the radial clearance between the outer 

20 surface of the outer sealing mandrel 2350 and the inner surface of the casing 2376 
ranges from about 0.025 to 0.125 inches in order to optimally provide stabilization 
for the expansion cone 2355 during the expansion process. The radial clearance 
between the inner surface of the outer sealing mandrel 2350 and the outer surface 
of the lower sealing head 2340 may range, for example, from about 0.0025 to 0.375 

25 inches. In a preferred embodiment,the radial clearance between the inner surface 
of the outer sealing mandrel 2350 and the outer surface of the lower sealing head 
2340 ranges from about 0.005 to 0.010 inches in order to optimally provide 
minimal clearance. 

The outer sealing mandrel 2350 preferably comprises an annular member 

30 having substantially cylindrical inner and outer surfaces. The outer sealing 
mandrel 2350 may be fabricated from any number of conventional commercially 
available materials such as, for example, low alloy steel, carbon steel, stainless steel 
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or other simUar high strength materialB. In a preferred embodiment, the outer 
sealing mandrel 2350 is fabricated from stainless steel in order to optimally 
provide high strength, corrosion reastance, and low friction surfaces. 

The outer sealing mandrel 2350 may be coupled to the upper sealing head 

5 2335 uang any number of conventional commerciaUy available mechanical 
couphngs such as. for example, drillpipe connections, oilfield country tubular goods 
specialty threaded connections, welding, amorphous bonding, or a standard 
threaded connection. In a preferred embodiment, the outer sealing mandrel 2350 
is removably coupled to the upper sealing head 2335 by a standard threaded 

10 connection. The outer sealing mandrel 2350 may be coupled to the expansion cone 
2355 using any number of conventional commercially available mechanical 
couplings such as, for example, driUpipe connection, oilfield country tubular goods 
specialty threaded connection, welding, amorphous bonding, or a standard 
threaded connection. In a preferred embodiment, the outer sealing mandrel 2350 

16 is removably coupled to the expansion cone 2355 by a standard threaded 
connection. 

The upper sealinghead 2335. the lower sealinghead 2340, the inner sealing 
mandrel 2330. and the outer sealing mandrel 2350 together define a pressure 
chamber 2475. Thepressurcchamber 2475 isfluididy coupled to the passage 2405 
20 via one or more passages 2410. During operation of the apparatus 2300, the plug 
2470 engages with the throat passage 2465 to fluidicly isoUte the fluid passage 
2415 fi«m the fhiid passage 2405. The pressure chamber 2475 is then pressurized 
which m turn causes the upper sealing head 2335, outer sealing mandrel 2350. and 
expansion cone 2355 to reciprocate in the axial direction. The axial motion of the 
25 expansion cone 2355 in turn expands the casing 2375 m the radial direction. 

The load mandrel 2345 is coupled to the lower sealing head 2340 and the 
mechanical sUp body 2360. The load mandrel 2345 preferably comprises an 
annular member having substantiaUy cylindrical inner and outer surfaces. The 
load mandrel 2345 may be fabricated from any number of conventional 
30 commerciaUy available materials such as, for example, oilfield country tubular 
goods, low alloy steel, cartwn steel, stainless steel or otiier similar high strength 
materials. In a preferred embodiment, the load mandrel 2345 ia fabricated from 
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stainless steel in order to optimally provide high strength^ corrosion resistance, 
and low fiiction surfaces. 

The load mandrel 2345 may be coupled to the lower sealing head 2340 using 
any number of conventional commercially available mechanical couplings such as, 
5 for example, drillpipe comiection, oilfield country tubular goods specialty threaded 
coxmection, welding, amorphous bonding or a standard threaded connection. In 
a preferred embodiment, the load mandrel 2345 is removably coupled to the lower 
sealing head 2340 by a standard threaded connection. The load numdrel 2345 may 
be coupled to the mechanical slip body 2360 using any number of conventional 

10 commercially available mechanical couplings such as, for example, drillpipe 
connection, oilfield country tubular goods specialty threaded connection, welding, 
amorphous bonding, or a standard threaded connection. In a preferred 
embodiment, the load mandrel 2345 is removably coupled to the mechanical slip 
body 2360 by a standard threaded connection. 

15 The load mandrel 2345 preferably includes a flmd passage 2415 that is 

adapted to convey fluidic materials from the fluid passage 2405 to the region 
outside of the apparatus 2300. In a preferred embodiment, the fluid passage 2415 
is adapted to convey fluidic materials such as, for example, cement, epozy, water, 
drilling mud or lubricants at operating pressures and flow rates ranging from 

20 about 0 to d,000 psi and 0 to 3,000 gallona/minute. 

The expansion cone 2355 is coupled to the outer sealing mandrel 2350. The 
expansion cone 2355 is also movably coupled to the inner surface of the casing 
2375. In this manner, the upper sealing head 2335, outer sealing mandrel 2350, 
and the expansion cone 2355 reciprocate in the axial direction. The reciprocation 

25 of the expansion cone 2355 causes the casing 2375 to expand in the radial 
direction. 

The expansion cone 2355 preferably comprises an nnTmlny member having 
substantially cylindrical inner and conical outer surfSaces. The outside radius of 
the outside conical surface may range, for example, from about 2 to 34 inches. In 
30 a preferred embodiment, the outside radius of the outside conical surface ranges 
from about 3 to 28 inches in order to optimally provide radial expansion of the 
^ical casings. The axial length of the expansion cone 2355 may nulge, for 
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example, from about 2 to 8 times the largest outside diameter of the expansion 
cone 2355. In a preferred embodiment, the axial length of the expansion cone2355 
ranges from about 3 to 5 times the largest outside diameter of the expansion cone 
2355 in order to optimally provide stability and centralization of the eiq>anaon 
5 cone 2355 duringthe expansion process. In a preferred embodiment, the angle of 
attack of the expansion cone 2355 ranges from about 5 to 30 degrees in order to 
optimaUy fricUonal forces with radial expansion forces. The optimum angle of 
attock of the expansion cone 2355 will vary as a faction of the operating 
parameters of the particular expansion operation, 
10 The expansion cone 2355 may be fabricated from any number of 

conventional commercially available materials such as, for example, machine tool 
steel, nitride steel, titanium, tungsten carbide, ceramics or other aimilar hi^ 
strength materials. In a preferred embodiment, the expansion cone 2355 is 
fabricated from D2 machine tool steel in order to optimally provide hi^strength, 
15 abrasion resistance, and galling resistance. In a particularly preferred 
embodiment, the ouUide surface of the expansion cone 2355 has a surface 
hardness ranging from about 58 to 62 Rockwell C in order to optimally provide 
high strength, abrasion resistance, resistance to galling. 

The expansion cone 2355 may be coupled to the outside sealing mandrel 
20 2350 using any number of conventional commerdally available mechanical 
coupUngs such as, for example, drillpipe connecttan, oilfield country tubular goods 
specialty threaded connection, welding, amorphous bonding, or a standard 
threaded connection. In a preferred embodiment, the expansion cone 2355 is 
coupled to theoutsidesealingmandrel2350usingastandardthreadedconnection 

25 in order to optimally provide high strength and permit the expansion cone 2355 

to be easily replaced. 

The mandrel launcher 2480 is coupled to the casing 2375. The mandrel 
launcher 2480 comprises a tubular section of casing having a reduced wall 
thickness compared to the casing 2375. In a preferred embodiment, the wall 
30 thickttcs8ofthemandrellauncher2480iaabout50tol00%ofthewallthicknes8 

of the casing 2375. In this manner, the initiation of the radial expansion of the 



-132- 



2i,:^l.ll 

casing 2375 is facilitated, and the placement of the apparatus 2300 into a weUbore 
casing and weUbore is facilitated. 

The mandrel launcher 2480 may be coupled to the casing 2375 using any 
number of conventional mechanical couplings. The mandrel launcher 2480 may 
5 have a wall thickness ranging, for example, from about 0.15 to 1.5 inches. In a 
preferred embodiment, the wall thickness of the mandrel launcher 2480 ranges 
from about 0.25 to 0.75 inches in order to optimally provide high strength in a 
minimal profile. The mandrel launcher 2480 may be fabricated from any number 
of conventional commercially available materials such as, for example, oilfield 

10 tubular goods, low alloy steel, carbon steel, stainless steel or other similar high 
strength materials. In a preferred embodiment, the mandrel launcher 2480 is 
fabricated from oilfield tubular goods having a higher strength than that of the 
casing 2375 but with a smaller wall thickness than the casing 2375 in order to 
optimally provide a thin walled container having approximately the same burst 

15 strength as that ofthe casing 2375. 

The mechanical slip body 2460 is coupled to the load mandrel 2345, the 
mechanical slips 2365, and the drag blocks 2370. The mechanical slip body 2460 
preferably comprises a tubular member having an inner passage 2485 fluidicly 
coupled to the passage 2415. In this manner, fhiidic materials may be conveyed 

20 from the passage 2484 to a region outside of the apparatus 2300. 

The mechanical slip body 2360 may be coupled to the load mandrel 2345 
using any number of conventional mechanical couplings. In a preferred 
embodiment, the mechanical slip body 2360 is removably coupled to the load 
mandrel 2345 using threads and sliding steel retaining rings in order to optimally 

25 provide a high strength attachment. The mechanical slip body 2360 may be 
coupled to the mechanical slips 2365 usingany number of conventional mechanical 
couplings. In a preferred embodiment, the mechanical slip body 2360 is removably 
coupled to the mechanical slips 2365 using threads and sliding steel retaining rings 
in order to optimally provide a high strength attachment The mechanical slip 

30 body 2360 may be coupled to the drag blocks 2370 using any number of 
conventional mechanical couplings. In a preferred embodiment, the medianical 
slip body 2360 is removably coupled to the drag blocks 2365 using threads and 
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sliding steel retaining rings in order to optimaUy provide a high strength 
attachment. 

The mechanical sUps 2365 are coupled to the outside surface of the 
mechanical sUp body 2360. During operation of the apparatus 2300, the 
5 mechanical sUps 2365 prevent upward movement of the casing2375 and mandrel 
launcher 2480. In this manner, during the axial reciprocation of the eipansion 
cone 2355, the casing 2375 and mandrel launcher 2480 are maintained in a 
substantially stationary position. In this manner, the mandrel Uuncher 2480 and 
casing 2375 are expanded in the radial direction by the aaal movement of the 

10 expansion cone 2355. 

The mechanical sUps 2366 may comprise any number of conventional 
commercially available mechanical sUps such as. for example. RTTS packer 
tungsten carbide mechanical sUps, RTTS packer wicker type mechanical sUps or 
Model 3L retrievable bridge plug tungsten carbide upper mechanical slips. In a 

15 preferredembodiment,themechanical8lips2365compriseRTTSpackertungsten 

carbide mechanical sUps available firom HaUiburton Energy Services in order to 
optimally provide resistance to axial movement of the casing 2375 during the 

expansion process. 

The drag blocks 2370 are coupled to the outside surface of the mechanical 
20 sHp body 2360. During operation of the apparatus 2300, the drag blocks 2370 
prevent upward movementoftheca8ing2375and mandrel launcher 2480. In this 
manncr.during the axialreciprocationof the expansion cone 2355, the ca8ing2376 

and mandrel launcher 2480 are maintamed in a substantially stationaiy position. 

In this manner, the mandrel launcher 2480 and casing 2375 are expanded in the 
25 radial direction by the axial movement of the expansion cone 2355. 

The drag blocks 2370 may comprise any number of conventional 

commerciaUy available mechanical slips such as. for example, RTTS packer 

mechanical drag blocks or Model 3L retrievable bridge phig drag blocks. In a 

preferred embodiment, the drag btocks 2370 comprise RTTS packer mechanical 
30 drag blocks available from Haffiburton Energy Services in order to optimally 

provide resistance to axial movement of the casing 2375 during the expansion 

process. 
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The casing 2375 is coupled to the mandrel laxmcher 2480. The casing 2375 
is further removahly coupled to the mechanical slips 2365 and drag blocks 2370. 
The casing 2375 preferably comprises a tubular member. The casing 2375 may be 
fabricated from any number of conventional commercially available materials such 
5 as, for example, slotted tubulars, oil country tubxilar goods, carbon steel, low alloy 
steel, stainless steel or other similar high strength materials. In a preferred 
embodiment, the casing 2375 is fabricated from oilfield country tubular goods 
available from various foreign and domestic steel mills in order to optimally 
provide high strength. In a preferred embodiment, the upper end of the casing 
10 2375 includes one or more sealing members positioned about the exterior of the 
casing 2375. 

During operation, the apparatus 2300 is positioned in a wellbore with the 
upper end of the casing 2375 positioned in an overlapping relationship within an 
existing wellbore casing. In order minimize surge pressures within the borehole 
15 during placement of the apparatus 2300, the flxiid passage 2380 is preferably 
provided with one or more pressure relief passages. During the placement of the 
apparatus 2300 in the wellbore, the casing 2375 is supported by the expansion cone 
2355. 

After positioning of the apparatus 2300 within the bore hole in an 
20 overlapping relationship with an existing section of wellbore casing, a first fluidic 
material is pumped into the fluid passage 2380 from a surface location. Thefirst 
fluidic material is conveyed from the fluid passage 2380 to the fluid passages 2385, 
2390, 2395, 2405, 2415, and 2485. The first fluidic material wiU then exit the 
apparatus 2300 and fill the annular region between the outside of the apparatus 
25 2300 and the interior walls of the bore hole. 

rhe first fluidic material may comprise any number of conventional 
commercial^ available materials such as, for example, epoiy, drilling mud, slag 
mix, cement, or water. In a preferred embodiment, the first fluidic material 
comprises a hardenable fluidic sealing material such as, for example, slag mix, 
30 epoxy , or cement. In this manner, a wellbore casing having an outer ynmilAr layer 
of a hardenable material may be formed. 
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The first fluidic material may be piunped into the a|>paratus 2300 at 
operating pressures and flow rates ranging, for example, from about 0 to 4,500 psi, 
and 0 to 3,000 gallons/minute. In a preferred embodiment, the first fluidic 
material is pumped into the apparatus 2300 at operating pressures and flow rates 
5 ranging from about 0 to 3,500 psi and 0 to 1,200 gaDons/minute in order to 
optimally provide operational efficiency. 

At a predetermined point in the injection of the first fluidic material such 
as, for example, after the annular region outside of the apparatus 2300 has been 
filled to a predetermined level, a plug 2470, dart, or other similar device is 
10 introduced into the first fluidic material. The plug 2470 lodges in the throat 
passage 2465 thereby fluididy isolating the fluid passage 2405 froto the fluid 
passage 2415. 

After placementof the plug 2470 in the throatpassage 2465, asecond fluidic 
material is pumped into the fluid passage 2380 in order to pressurize the pressure 
15 chamber 2475. The second fluidic material may comprise any n\imber of 
convenUonal commercially available materials such as, for example, water, drilling 
gases, drilling mud or lubricants. In a preferred embodiment, the second fluidic 
material comprises a non-hardenable fluidic material such as, for example, water, 

drilling mud or lubricant. 
20 The second fluidic material may be pumped into the apparatus 2300 at 

operating pressures and flow rates ranging, for example, from about 0 to 4,500 psi 
and 0 to 4,500 gallons/minute. In a preferred embodiment, the second fhiidic 
material is pumped into the apparatus 2300 at operating pressures and flow rates 
ranging from about 0 to 3,500 psi and 0 to 1,200 gallona/minute in order to 
25 optimally provide operational efficiency. 

The pressurization of the pressure chamber 2476 causes the upper sealing 
head 2335, outer seaUng mandrel 2350, and expansion cone 2355 to move in an 
axial direction. The pressurization of the pressure chamber 2475 also causes the 
hydrauUc sUps 2325 to expand in the radial direction and hold the casing 2375 in 
30 a substantially stationary position. Furthermore, as the expansion cone 2355 
moves in the axial direction, the expansion cone 2355 pulls the mandrel launcher 
2480 and drag blocks 2370 along, which sets the mechanical slips 2365 and stops 
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further axial movement of the mandrel launcher 24S0 and casing 2375. In this 
manner, the axial movement of the expansion cone 2355 radially expands the 
mandrel launcher 2480 and casing 2375. 

Once the upper sealing head 2335, outer sealing mandrel 2350, and 
5 expansion cone 2355 complete an axial stroke, the operating pressure of the second 
fluidic material is reduced. The reduction in the operating pressure of the second 
fluidic material releases the hydraulic slips 2325. The drill string 2305 is then 
raised. This causes the inner sealing mandrel 2330, lower sealing head 2340, load 
mandrel 2345, and mechanical slip body 2360 to move upward. This unsets the 

10 mechanical slips 2365 and permits the mechanical 8lips236S and drag blocks 2370 
to be moved within the mandrel launcher 2480 and casing 2375. When the lower 
sealing head 2340 contacts the upper sealing head 2335 , the second fluidic material 
is again pressurized and the radial expansion process continues. In this manner, 
the mandrel launcher 2480 and casing 2375 are radial expanded through repeated 

15 axial strokes of the upper sealing head 2335, outer sealing mandrel 2350 and 
expansion cone 2355. Throu^put the radial expansion process, the upper end of 
the casing 2375 is preferably maintained in an overlapping relation with an 
existing section of weUbore casing. 

At the end of the radial expansion process, the upper end of the casing 2375 

20 is expanded into intimate contact with the inside surface of the lower end of the 
existing wellbore casing. In a preferred embodiment, the sealmg members 
provided at the upper end of the casing 2375 provide a fluidic seal between the 
outside surface of the upper end of the casing 2375 and the inside surface of the 
lower end of the existing wellbore casing. In a pxeferted embodiment, the contact 

25 pressure between the casing 2375 and the existing section of wellbore casing 
ranges from about 400 to 10,000 psi in order to optimally provide contact pressure, 
activate the sealing members, and withstand typical tensile and compressive 
loading conditions. 

In a preferred embodiment, as the expansion cone 2355 nears the upper end 

30 of the casing 2375, the operating pressure of the second fluidic material is reduced 
in order to minimize shock to the apparatus 2300. In an alternative embodiment, 
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the apparatus 2300 includes a shock absorber for absorbing the shock created by 
the completion of the radial expansion of the casing 2375. 

In a preferred embodiment, the reduced operating pressure of the second 

nuidic material ranges from about 100 to 1,000 psi as the erpansion cone 2355 
5 nears the end of the casing 2375 in order to optimally provide reduced axial 
movement and velocity of the expansion cone 2356. In a preferred embodiment, 
the operating pressure of the second Huidic material is reduced during the return 
stroke of the apparatus 2300 to the range of about 0 to 500 psi in order minimize 
the resistance to the movement of the expansion cone 2355 during the return 
10 stroke. Inapreferredembodiment,the8trokelengthoftheapparatus2300 ranges 
from about 10 to 45 feet in order to optimaUy provide equipment that can be 
handled by typical oil well rigging equipment and minimize the frequency at which 
the expansion cone 2355 must be stopped to permit the apparatus 2300 to be re- 
stroked. 

15 In an altemaUve embodiment, at least a portion of the upper sealing head 

2335 includes an expansion coneforradiaUyeipanding the mandrel launcher 2480 

and casing 2375 during operation of the apparatus 2300 in order to increase the 
surface area of the casing 2375 acted upon during the radial expansion process. 
In this manner, the operating pressures can be reduced. 
20 In an alternative embodiment, mechanical sUps 2365 arc positioned in an 

axial location between the sealing sleeve 2315 and the inner sealing mandrel 2330 
in order to optimally the construction and operation of the apparatus 2300. 

Upon the complete radial expansion of the casing 2375, if appUcable, the 
first fluidic material is permitted to cure within the annular region between the 
25 outHideofthe expanded casing 2375 and the interior walls of the wellbore. In the 
case where the casing 2375 is slotted, the cured fluidic material preferably 
permeates and envelops the expanded casing 2375. Inthismanner. anewsection 
of weUbore casing is formed within a weUbore. Alternatively, the apparatus 2300 
may be used to join a first section of pipeline to an existing section of pipeline. 
30 Alternatively, the apparatus 2300 may be used to directiy line the interior of a 
weUbore with a casing, without the use of an outer annular layer of a bardenable 
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material. Alternatively, the apparatus 2300 may be used to expand a tubular 
support member in a hole. 

During the radial expansion process, the pressurized areas of the apparatus 
2300 are limited to the fluid passages 2380, 2385, 2390, 2395, 2400, 2405, and 
5 2410, and the pressure chamber 2475. No fluid pressure acts directly on the 
mandrel launcher 2480 and casing 2376. This permits the use of operating 
pressures higher than the caandrel launcher 2480 and casing 2375 could normally 
withstand. 

Referring now to Figure 18, a preferred embodiment of an apparatus 2500 

10 for forming a mono-diameter wellbore casing will be described. The apparatus 
2500 preferably includes a drillpipe 2505, an innerstring adapter 2510, a sealing 
sleeve 2515, a hydraulic slip body 2520, hydraulic slips 2525, an inner sealing 
mandrel 2530, upper sealing head 2535, lower sealing head 2540, outer sealing 
mandrel 2545, load mandrel 2550, expansion cone 2555, casing 2560, and fluid 

15 passages 2565, 2570, 2575, 2580, 2585, 2590, 2595, and 2600, 

The drillpipe 2505 is coupled to the innerstring adapter 2510. During 
operation of the apparatus 2500, the drillpipe 2505 supports the apparatus 2500. 
The drillpipe 2505 preferably comprises a substantially hollow tubular member or 
members. The drillpipe 2505 may be fabricated from any nimiber of conventional 

20 commercially available materials such as, for example, oilfleld country tubular 
goods, low alloy steel, carbon steel, stainless steel or other similar high strength 
materials. In a preferred embodiment, the drillpipe 2505 is fabricated from coiled 
tubing in order to faciliate the placement of the apparatus 2500 in non-vertical 
wellbores. The drillpipe 2505 may be coupled to the innerstring adapter 2510 

25 using any number of conventional commercially available mechanical couplings 
such aS| for example, drillpipe oormection, oilfield country tubular goods i^>ecialty 
threaded coimection, or a standard threaded connection. In a preferred 
embodiment, the drillpipe 2505 is removably coupled to the innerstring adapter 
2510 by a drillpipe connection, a drillpipe connection provides the advantages of 

30 hi^ strength and easy disassembly. 

The driUpipe 2505 preferably includes a fluid passage 2566 that is adapted 
to convey fluidic materials from a surface location into the fluid passage 2570. In 
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a preferred embodiment, the Huid passage 2565 is adapted to convey fluidic 
materials such as, for example, cement, epoxy, water, drilling mud, or lubricants 
at operating pressures and flow rates ranging from about 0 to 9,000 psi and 0 to 

3,000 gallons/minute. 

5 The innerstring adapter 2510 is coupled to the drill string 2505 and the 

sealing sleeve 2515. The innerstring adapter 2510 preferably compriaes a 
substantially hoUow tubular member or members. The innerstring adapter 2510 
may be fabricated from any number of conventional commeraaUy available 
materials such as. for example, oilfield country tubular goods, low aUoy steel, 

10 carbonBteel.stainlesssteelorothersimilarhighstrengthmaterials. Inapreferred 
embodiment, the innerstring adapter 2510 is fabricated from stainless steel in 
orfer to optimaUy provide high strength, corrosion resistance, and low friction 
surfaces. 

The innerstring adapter 2510 may be coupled to the drill string 2505 using 
15 any number of conventional commercially available mechanical couplings such as. 
for example, driUpipc connection, oilfield countiy tubular goods specialty type 
threaded connection, or a standard threaded connection. In a preferred 
embodiment, the innerstring adapter 2510 is removably coupled to the drill pipe 
2606 by a drillpipe connection. The innerstring adapter 2510 may be coupled to 
20 the sealing sleeve 2515 using any number of conventional commercially available 
mechanical couplings such as, for example, drillpipe connection, oilfield countiy 
tubular goods specialty type threaded connection, ratchet-latch type threaded 
connection or a standard threaded connection. In a preferred embodiment, the 
innerstring adapter 2510 is removably coupled to the sealing sleeve 2615 by a 
25 standard threaded connection. 

The innerstring adapter 2510 preferably includes a fluid passage 2570 that 
is adapted to convey fluidic materials from the fluid passage 2565 into the fluid 
passage 2575. In a preferred embodhnent, the fluid passage 2570 is adapted to 
convey fluidic materials such as, for example, cement, epoxy, water, drilling mud 
30 or lubricants at operating pressures and flow rates ranging from about 0 to 9,000 
psi and 0 to 3,000 gallons/minute. 
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The sealing sleeve 2515 is coupled to the iimerstrixig adapter 2510 and the 
hydraulic slip body 2520. The sealing sleeve 2515 preferably comprises a 
substantially hollow tubular member or members. The sealing sleeve 2515 may 
be fabricated from any number of conventional oommercially available materials 
6 such as» for example, oilfield country tubular goods, low alloy steel, carbon steel, 
stainless steel or other similar high strength materials. In a preferred 
embodiment, the sealing sleeve 2515 is fabricated from stainless steel in order to 
optimally provide high strength, corrosion resistance, and low-friction surfaces. 
The sealing sleeve 2515 may be coupled to the innerstring adapter 2510 

10 using any number of conventional commercially available mechanical couplings 
such as, for example, drillpipe connections, oilfield country tubular goods specialty 
type threaded connection, ratchet-latch type threaded connection, or a standard 
threaded connection. In a preferred embodiment, the sealing sleeve 2515 is 
removably coupled to the innerstring adapter 2510 by a standard threaded 

15 connection. The sealing sleeve 2515 may be coupled to the hydraulic slip body 
2520 using any nxmiber of conventional commercially available mechanical 
couplings such as, for example, drillpipe connection, oilfield country tubular goods 
specialty type threaded connection, ratchet-latch type threaded connection, or a 
standard threaded connection. In a preferred embodiment, the sealing sleeve 2515 

20 is removably coupled to the hydraulic slip body 2520 by a standard threaded 
connection. 

The sealing sleeve 2515 preferably includes a fluid passage 2575 that is 
adapted to convey fluidic materials from the fluid passage 2570 into the fluid 
passage 2580. In a preferred embodiment, the fluid passage 2575 is adapted to 

25 convey flmdic materials such as, for example, cement, cspoxyf water, drilling mud 
or lubricants at operating pressures and flow rates ranging from about 0 to 9,000 
psi and 0 to 3,000 gaUons/minute. 

The hydraulic slip body 2520 is coupled to the sealing sleeve 2515, the 
hydrauUc slips 2525, and the inner sealing mandrel 2530. The hydraulic slip body 

30 2520 preferably comprises a substantially hollow tubular member or members. 
The hydraulic slip body 2620 may be fabricated from any number of conventional 
commercially available materials such as, for example, oilfield country tubular 
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goods, low aUoy steel, carbon steel, stainless steel or other similar high strength 
materials. In a preferred embodiment, the hydrauKc slip body 2620 is fabricated 
from caifcon steel in order to optimaDy provide high strength. 

The hydraulic slip body 2520 may be coupled to the sealing decve 2515 
5 using any number of conventional commercially available mechanical couplings 
such as, for example, drillpipe connection, oilfield country tubular goods specialty 
type threaded connection, ratchet-latch type threaded connection or a standard 
threaded connection. In a preferred embodiment, the hydrauUc sUp body 2520 is 
removably coupled to the sealing sleeve 2515 by a standard threaded connection. 
10 The hydrauUc sUp body 2520 may be coupled to the slips 2525 using any number 
of conventional commercially available mechanical couplings such aa, for example, 
threaded connection or welding. In a preferred embodiment, the hydraulic slip 
body 2520 is removably coupled to the slips 2525 by a threaded connection. The 
hydrauUc sUp body 2520 may be coupled to the inner seaUng mandrel 2530 using 
15 any number of conventional commercially available mechanical coupUngs such ai. 
for example, drillpipe connection, oilfield countiy tubular goods specialty type 
threaded connection, welding, amorphous bonding or a standard threaded 
comiection. I„ a preferred embodiment, the hydrauUc slip body 2520 is removably 
coupled to the inner sealing mandrel 2530 by a standard threaded connection. 
20 The hydraulic sUps body 2520 preferably includes a fluid passage 2580 that 

is adapted to conv^r fiuidic materials from the Huid passage 2675 into the fluid 
passage 2590. In a preferred embodiment, the fluid passage 2580 is adapted to 
convey fluidic materials such as, for example, cement, epoxy, water, drilling mud 
or lubricants at operating pressures and flow rates ranging from about 0 to 9,000 
25 psi and 0 to 3,000 gallons/minute. 

The hydrauUc sUps body 2520 preferably includes fluid passages 2685 that 
are adapted to convey fluidic materials from the fluid passage 2580 into the 
pressure chambers of the hydrauUc sUps 2525. In tiiis manner, the sUps 2525 are 
activated upon the pressurization of the fluid passage 2580 into contact with the 
30 insidesurfaceofthecasing2560. In a preferred embodiment, the fluid passages 
2585 are adapted to convey fluidic materials such as, for example, water. drilUng 
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mud or lubricants at operating pressures and flow rates ranging from about 0 to 
9,000 psi and 0 to 3,000 gallons/minute. 

The slips 2525 are coupled to the outside surface of the hydraulic slip body 
2520. During operation of the apparatus 2500, the slips 2525 are activated upon 
5 the pressurization of the fltiid passage 2580 into contact with the inside surface of 
the casing 2560. In this manner, the slips 2525 maintain the casing 2560 in a 
substantially stationary position. 

The slips 2525 preferably include the fluid passages 2585, the pressure 
chambers 2605, spring bias 2610, and slip members 2615. The slips 2525 may 

10 comprise any number of conventional commercially available hydraulic slips such 
as, for example, RTTS packer tungsten carbide hydraulic alips or Model 3L 
retrievable bridge plug with hydraulic slips. In a preferred embodiment, the slips 
2525 comprise RTTS packer tungsten carbide hydraulic slips available from 
Halliburton Energy Services in order to optimally provide resistance to axial 

15 movement of the casing 2560 during the expansion process. 

The inner sealing mandrel 2530 is coupled to the hydraulic slip body 2520 
and the lower sealing head 2540. The iimer scaling mandrel 2530 preferably 
comprises a substantially hollow tubular member or members. The inner seaUng 
mandrel 2530 may be fabricated from any number of conventional commercially 

20 available materials such as, for example, oilfield coimtry tubular goods, low alloy 
steel, carbon steel, stainless steel or other similar high strength materials. In a 
preferred embodiment, the irmer sealing mandrel 2530 is fabricated from stainless 
steel in order to optimally provide high strength, corrosion resistance, and low 
friction surfaces. 

25 The inner sealmg mandrel 2530 may be coupled to the hydraulic slip body 

2520 using any number of conventional commercially available medianical 
couplings such as, for example, drillpipe connection, oilfield country tubular goods 
specialty type threaded connection, welding, amorphous bonding, or a standard 
threaded ooxmection. In a preferred embodiment, the irmer sealing mandrel 2530 

30 is removably coupled to the hydraulic slip body 2520 by a standard threaded 
connection. The inner sealing mandrel 2630 may be coupled to the lower sealing 
head 2540 using any number of conventional commerdalty available mechanical 
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couplings such as. for example, oilfield country tubular goods specialty type 
threaded connecUon, drillpipe connection, welding, amorphous bonding, or a 
standard threaded connection. In a preferred embodiment, the inner sealing 
mandrel 2530 is removably coupled to the lower sealing head 2640 by a standard 

5 threaded connection. 

The inner sealing mandrel 2530 preferably includes a fluid passage 2590 
that is adapted to convey lluidic materials from the fluid passage 2580 into the 
fluid passage 2600. In a preferred embodiment, the fluid passage 2590 is adapted 
to convey fluidic materials such as, for example, cement, epoxy, water, drillingmud 
10 or lubricants at operating pressures and flow rates ranging firom about 0 to 9.000 
psi and 0 to 3,000 gallons/minute. 

The upper sealing head 2636 is coupled to the outer seaUng mandrel 2545 
and expansion cone 2555. The upper sealing head 2536 is also movably coupled to 
the outer surface of the inner sealing mandrel 2530 and the inner surface of the 
15 casing 2560. In this manner, the upper scaling bead 2535 reciprocates in the axial 
direction. The radial clearance between the inner cylindrical surface of the upper 
sealing head 2535 and the outer surface of the inner sealing mandrel 2530 may 
range, for example, from about 0.0025 to 0.05 inches. In a preferred embodiment, 
the radial clearance between the inner qylindiical surf-aceof the upper sealing head 
20 2535 and the outer surface of the inner sealing mandrel 2530 ranges Srom about 
0.005 to 0.01 inches in order to optimally provide minimal radial clearance. The 
radial clearance between the outer cylindrical surface of the upper seaUng head 
2535 and the inner surface of the casing 2560 may range, for example, from about 
0.025 to 0.375 inches. In a preferred embodfanent, the radial clearance between the 
25 outer cylindrical surface of the upper sealing head 2536 and the inner surflace of 
the casing 2560 ranges from about 0.026 to 0.12S inches in order to optimally 
provide stabilization for the expansion cone 2535 during the expansion process. 

The upper sealing head 2635 preferably comprises an annular member 
having substantially cylindrical inner and outer surfiaces. The upper sealing head 
30 2535 may be fabricated from any number of conventional commercially available 
. materials such as. for example, oilfield country tubular goods, ow alloy steel. 
cari)onsteel. stainless steel or other similar high strength materials. Inapreferred 
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embodiment, the upper sealing head 2536 is fabricated from stainless steel in order 
to optimally provide high strength, corrosion resistance, and low friction surfaces. 
The inner surface of the upper sealing head 2535 preferably includes one or more 
annular sealing members 2620 for sealing the interface between the upper sealing 
5 head 2535 and the inner sealing mandrel 2530. The sealing members 2620 may 
comprise any number of conventional commercially available annular sealing 
members such as, for example, o-rings, potypak seals, or metal spring energized 
seals. In a preferred embodiment, the sealing members 2620 comprise polypak 
seals available from Parker Seals in order to optimally provide sealing for a long 
10 axial stroke. 

In a preferred embodiment, the upper sealinghead 2536 includes a shoulder 
2625 for supporting the upper sealing head 2535, outer sealing mandrel 2546, and 
expansion cone 2555 on the lower sealing head 2640. 

The upper sealing head 2535 may be coupled to the outer sealing mandrel 

15 2545 using any number of conventional commercially available mechanical 
couplings such as, for example, oilfield countxy tubular goods spedaliy threaded 
connection, pipeline connection, welding, amorphous bonding, or a standard 
threaded connection. In a preferred embodiment, the upper sealing head 2535 is 
removably coupled to the outer sealing mandrel 2545 by a standard threaded 

20 connection. In a preferred embodiment, the mechanical coupling between the 
upper sealing head 2535 and the outer sealing mandrel 2545 includes one or more 
sealing members 2630 for fluididy sealing the interface between the upper sealing 
head 2535 and the outer sealing mandrel 2545. The sealing members 2630 may 
comprise any number of conventional commercially available sealing members 

25 such as, for example, o*rings, polypak seals or metal spring energized seals. In a 
preferred embodiment, the sealingmembers 2630 comprise polypak seals available 
from Parker Seals in order to optimally provide sealing for a long axial stroke. 

The lower sealing head 2540 is coupled to the inner sealing mandrel 2530 
and the load mandrel 2550. The lower sealing head 2540 is also movably coupled 

30 to the inner surface ofthe outer sealing mandrel 2545. In this manner, the upper 
sealing head 2535, outer sealing mandrel 2545, and expansion cone 2555 
reciprocate in the axial direction. 
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The radial clearance between the outer surface of the lower sealing head 
2540 and the inner surface of the outer sealing mandrel 2545 may rang;B, for 
example, from about 0.0025 to 0.05 inches. In a preferred embodiment, the radial 
clearance between the outer surface of the lower sealing head 2540 and the inner 

5 surface of the outer sealing mandrel 2545 ranges from about 0.005 to 0.01 inches 
in order to optimally provide minimal radial clearance. 

The lower sealing head 2540 preferably comprises an annular member 
having substantially cylindrical inner and outer surfaces. The lower sealing head 
2540 may be fabricated from any nimiber of conventional commercially available 

10 materials such as. for example, oilfield country tubular goods, low aUoy ateel, 
carbon steel, stainless steel or other similar high strength materials. In apreferred 
embodiment , the lower sealing head 2540 is fabricated from stainless steel in order 
to optimally provide high strength, corrosion resistance, and low friction surfaces. 
The outer surface of the lower sealing head 2640 preferably includes one or more 

15 annular sealing members 2635 for sealing the interface between the lower sealing 
head 2540 and the outer sealing mandrel 2545. The sealing members 2635 may 
comprise any number of conventional commercially available annular sealing 
members such as. for example, o-rings, polypak seals, or metal spring energized 
seals. In a preferred embodiment, the sealing members 2635 comprise polypak 

20 seals avaUable from Parker Seals in order to optimally provide sealing for a long 
axial stroke. 

The lower sealing head 2540 may be coupled to the inner sealing mandrel 
2530 using any n\imber of conventional commercially available mechanical 
coupUngs such as, for example, drillpipe connections, oilfield country tubular goods 

25 specialty threaded connection, or a standard threaded connection. In a preferred 
embodunent. the lower sealing head 2540 is removably coupled to the inner sealing 
mandrel 2530 by'a standard threaded coimection. In a preferred embodiment, the 
mechanical coupling between the lower sealing head 2540 and the inner scaling 
mandrel 2530 includes one or more sealing members 2640 for fluididy sealing the 

30 interface between the lower sealinghead 2540 and the inner sealing mandrel 2530. 
The sealing members 2640 may comprise any number of conventional 
commercially available sealing members such as, for example, o-rlngs, polypak 
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seals or metal spring energized seals. In a preferred embodiment, the sealing 
members 2640 comprise polypak seals available from Parker Seals in order to 
optimally provide sealing for a long axial stroke. 

The lower sealing head 2540 maybe coupled to the load mandrel 2550 using 
5 any nimxber of conventional commercially available mechanical couplings such as, 
for example, drillpipe connection, oilfield countiy tubular goods specialty type 
threaded connection, welding, amorphous bonding or a standard threaded 
connection. In a preferred embodiment, the lower sealing head 2540 is removably 
coupled to the load mandrel 2550 by a standard threaded connection. In a 

10 preferred embodiment, the mechanical coupling between the lower sealing head 
2540 and the load mandrel 2650 includes one or more sealing members 2645 for 
fluididy sealing the interface between tbe lower sealing head 2540 and the load 
mandrel 2550. The sealing members 2645 may comprise any number of 
conventional commerciaUy available sealingmembers such as, for example, o-rings, 

15 polypak seals or metal spring energized seals. In a preferred embodiment, the 
sealing members 2645 comprise polypak seals available from Parker Seals in order 
to optimally provide sealing for a long axial stroke. 

In a preferred embodiment, the lower sealing head 2540 iDcludes a throat 
passage 2650 fluidicly coupled between the fluid passages 2590 and 2600. The 

20 throat passage 2650 is preferably of reduced size and is adapted to receive and 
engage with a plug 2655, or other similar device. In this manner, the fluid passage 
2590 is fluidicly isolated from the fluid passage 2600. In this manner, the pressure 
chamber 2660 is pressurized. 

The outer sealing mandrel 2545 is coupled to the upper sealing head 2535 

25 and the expansion cone 2555. The outer sealing mandrel 2545 is also movably 
coupled to the innar surface of the casing 2560 and the outer surface of the lower 
sealing head 2540. In this manner, the upper sealing head 2535, outer sealing 
mandrel 2545, and the expanaon cone 2665 reciprocate in the axial direction. The 
radial clearance between the outer surface of the outer sealing mandrel 2545 and 

30 the inner surface of the casing 2560 miay range, for example, from about 0.025 to 
0.375 inches. In a preferred embodiment, the radial clearance between the outer 
surface of the outer sealing mandrel 2545 and the inner surface of the casing 2560 
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ranges from about 0.025 to 0. 125 inches in order to opthnally provide stabilization 
for the expansion cone 2535 during the expansion process. The radial clearance 
between the inner surface of the outer sealing mandrel 2545 and the outer surface 
of the lower sealing head 2540 may range, for example, firom about 0.005 to 0.01 
5 inches. In a preferred embodiment, the radial dearance between the inner surface 
of the outer sealing mandrel 2545 and the outer surface of the lower sealing head 
2540 ranges from about 0.005 to 0.0 1 inches in order to optimally provide minimal 
radial clearance. 

The outer sealing mandrel 2546 preferably comprises an annular member 
10 having substantially cylindrical inner and outer surfaces. The outer sealing 
mandrel 2545 may be fabricated from any number of conventional commercially 
available materials such as, for example, oilfield country tubular goods, low allpy 
steel, carbon steel, stainless steel or other similar high strength materials. In a 
preferred embodiment, the outer sealing mandrel 2545 isfabricated from stainless 
15 steel in order to optimally provide high strength, corrosion resistance, and low 
friction surfaces. 

The outer sealing mandrel 2545 may be coupled to the upper sealing head 
2535 using any number of conventional commercially avaihible mechanical 
couplings such as. for example, drillpipe connection, oilfield country tubular goods 

20 specialty type threaded connection, welding, amorphous bonding, or a standard 
threaded connection. In a preferred embodiment, the outer sealing mandrel 2645 
is removably coupled to the upper sealing head 2535 by a standard threaded 
connection. The outer sealing mandrel 2545 may be coupled to the expansion cone 
2555 using any number of conventional commercially avaiUble mechanical 

25 coupUngs such as. for example, drillpipe connecUon. oilfield country tubular goods 
specialty type threaded connection, welding, amorphous bonding, or a standard 
threaded connection. In a preferred embodiment, the outer sealing mandrel 2545 
is removably coupled to the expansion cone 2555 by a standard threaded 
connection. 

30 The upper sealinghead 2535. the lower sealing head 2540. the inner aeaUng 

mandrel 2530, and the outer sealing mandrel 2545 together define a pressure 
chamber 2660. Thepressurechamber2660 isfluidiclycoupledtothepassage2590 
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via one or more passages 2S95. During operation of the apparatus 2500, the plug 
2655 engages with the throat passage 2650 to fluididy isolate the fluid passage 
2590 from the fluid passage 2600. The pressure chamber 2660 is then pressurized 
which in turn causes the upper sealing head 2535, outer sealing mandrel 2645, and 
5 expansion cone 2555 to reciprocate in the axial direction. The axial motion of the 
expansion cone 2555 in turn expands the casing 2560 in the radial direction. 

The load mandrel 2550 is coupled to the lower sealing head 2540. The load 
mandrel 2550 preferably comprises an annular member having substantially 
cylindrical inner and outer surfaces. The load mandrel 2550 may be fabricated 

10 from any nxmnber of conventional commercially available materials such as, for 
example, oilfield country tubular goods, low alloy steel, carbon steel, stainless steel 
or other similar high strength materials. In a preferred embodiment, the load 
mandrel 2550 is fabricated from stainless steel in order to optimally provide high 
strength, corrosion resistance, and low friction surfaces. 

15 The load mandrel 2550 maybe coupled to the lower sealing head 2540 using 

any number of conventional commercially available mechanical couplings such as, 
for example, oilfield country tubular goods, driUpqpe connection, welding, 
amorphous bonding, or a standard threaded connection. In a preferred 
embodiment, the load mandrel 2550 is removably coupled to the lower sealing head 

20 2540 by a standard threaded connection. 

The load mandrel 2550 preferably includes a fluid passage 2600 that is 
adapted to convey fiuidic materials from the fluid passage 2590 to the region 
outside of the apparatus 2500. In a preferred embodiment, the fluid passage 2600 
is adapted to convey fluidic materials such as, for example, cement, epoxy, water, 

25 drilling mud, or lubricants at operating pressures and flow rates ranging, for 
example, from about 0 to 9,000 psi and 0 to 3,000 gallons/minute. 

The expansion cone 2555 is coupled to the outer sealing mandrel 2545. The 
expansion cone 2555 is also movably coupled to the inner surfkce of the casing 
2560. In this manner, the upper sealing head 2535, outer sealing mandrel 2545, 

30 and the expansion cone 2555 reciprocate in the axial direction. The reciprocation 
of the expansion cone 2555 causes the casing 2560 to expand in the radial 
direction. 
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The expansion cone 2555 preferably comprises an annular member having 
substantially cylindrical inner and conical outer surfaces. The outside radius of 
the outside conical surface may range, for example, from about 2 to 34 inches. In 
a preferred embodiment, the outside radius of the outside conical surface ranges 

5 from about 3 to 28 in order to optimally provide radial expansion for the widest 
variety of tubular casings. The axial length of the expansion cone 2555 may range, 
for example, from about 2 to 8 times the largest outside diameter of the expansion 
cone 2535. In a preferred embodiment, the axial length of the expansion cone 2535 
ranges from about 3 to 5 times the largest outside diameter of the expansion cone 

10 2535 in order to optimally provide stabilisation and centralization of the expansion 
cone 2535 during the expansion process. In a particularly preferred embodiment, 
the maximum outside diameter of the expansion cone 2555 is between about 96 to 
99 % of the inside diameter of the existing wellbore that the casing 2560 win be 
joined with. In a preferred embodiment, the angle of attack of the expansion cone 

15 2555 ranges from about 5 to 30 degrees in order to optimally balance fricUonal 
forces and radial expansion forces. The optfanum angle of attack of the expansion 
cone 2535 will vary as a function of the particular operational features of the 

expansion operation. 

The expansion cone 2555 may be fabricated from any number of 

20 conventional commercially available materials such as, for example, machine tool 
steel, nitride steel, titanium, tungsten carbide, ceramics or other similar high 
strength materials. In a preferred embodiment, the expansion cone 2555 is 
fabricated from D2 machine tool steel in order to optimally provide hi^ strength, 
and resistance to wear and galling. In a particularly preferred embodiment, the 

25 outside surfaceofthe expansion cone 2555 hasasurfacehardnessrangingftiom 

about 58 to 62 RockweU C in order to optimally provide high strength and wear 
resistance. 

The expansion cone 2555 may be coupled to the outside sealing mandrel 
2545 using any number of conventional commercially available mechanical 
30 couplingssuchas,forexample.drillpipeconnecUon.oimeldoountiytubulargoods 

specialty threadedconnection. weldmg. amorphous bondingor a standard threaded 
connection. In a preferred embodiment, the expansioncone 2555 is coupled tothe 
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outside sealing mandrel 2545 using a standard tlireaded connection in order to 
optimally provide high strength and easy replacement of the expansion cone 2555. 

The casing 2560 is removably coupled to the slips 2525 and expansion cone 
2555. The casing 2560 preferably comprises a tubular member. The casing 2560 
5 may be fabricated from any number of conventional commerciaUy available 
materials such as, for example, slotted tubulars, oilfield coimtry tubular goods, low 
alloy steel, carbon steel, stainless steel or other similar high strength materials. 
In a preferred embodiment, the casing 2560 is fabricated from oilfield country 
tubular goods available from various foreign and domestic steel ™nig in order to 

10 optimally provide high strength \ising standardized materials. 

In a preferred embodiment, the upper end 2665 of the casing 2560 includes 
a thin wall section 2670 and an outer annular sealing member 2675. In a preferred 
embodiment, the wall thickness of the thin wall section 2670 is about 60 to 100 % 
of the regular wall thickness of the casing 2560. In this manner, the upper end 

15 2665 of the casing 2560 may be easUy radially expanded and deformed into 
intimate contact with the lower end of an existing section of wellbore casing. In 
a preferred embodiment, the lower end of the existing section of casing also 
includes a thin wall section. In this manner, the radial expansion of the thin 
wailed section 2670 of casing 2560 mto the thin walled section of the existing 

20 wellbore casing results in a wellbore casing having a substantiaUy Constantino 
diameter. 

The annular sealing member 2675 may be fabricated from any nmnber of 
conventional commercially available sealing materials such as, for example, epoxj, 
rubber, metal, or plastic. In a preferred embodiment, the annular sealingmember 

25 2675 is fabricated from StrataLock epoxy in order to optimallly provide 
compressibility And resistance to wear. The outside diameter of the annular 
sealing member 2675 preferably ranges from about 70 to 95 % of the inside 
diameter of the lower section of the wellbore casing that the casing 2560 is joined 
to. In this manner, after radial expansion, the annular sealing member 2670 

30 optimally provides a fluidic seal and also preferably optimally provides sufficient 
frictional force with the inside surface of the existing section of wellbore casing 
during the radial expansion of the casing 2560 to suppoH the easing 2560. 
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In a preferred embodiment, the lower end 2680 of the casing 2560 includes 
a thin waU section 2685 and an outerannularseaUng member 2690. In apreferred 
embodiment, the waU thickness of the thin waU section 2685 is about 50 to 100 % 
of the regular wall thickness of the casing 2560. In this manner, the lower end 
5 2680 of the casing 2560 may be easily expanded and defonned. Furthennore, in 
this manner, an other section of casing may be easUy joined with the lower end 
2680 of the casing 2560 using a radial expansion process. In a preferred 
embodiment, the upper end of the other section of casing also includes a thin wall 
section. In this manner, the radial expansion of the thin walled section of the 
10 upper end of the other casing into the thin walled section 2685 of the lower end 
2680 of the casing 2560 results in a weUbore casinghaving a substantially constant 
tnsde diameter. 

The annular seaUng member 2690 may be fabricated firom any number of 
convenUonal commerdaUy available sealingmaterials such as. for example, rubber, 
15 metal, plastic or epoxy. In a preferred embodiment, the annular sealing member 
2690 is fabricated from StrataLock epoxy in order to optimally provide 
compressibility and resistance to wear. The outside diameter of the annular 
sealing member 2690 preferably ranges from about 70 to 96 % of the Inside 
diameter of the lower section of the existing wellbore casing that the casing 2560 
20 isjoinedto. In this manner, after radial expansion, the annular sealing member 
2690 preferably provides a Ouidic seal and also preferably provides sufficient 
frictional force with the inside waU of the wellbore during the radial expansion of 
the casing 2560 to support the casing 2560. 

During operation, the apparatus 2500 is preferably positioned m a wellbore 
25 with the upper end 2665 of the- casing 2560 positioned in an overlapping 
relationship with the lower end of an existing wellbore casing In a particuhirly 
preferred embodiment, the thin wall section 2670 of the casing 2560 is positioned 
• in opposing overlappmg relation with the thin wall section and outer annular 
sealing member of the lower end of the existing section of wellbore casing. In this 
30 manner, the radial expansion of the casing 2660 will compress the thin wall 
sections and annular compressible members of the upper end 2665 of the casing 
2560 and the lower end of the existing weUborc casing into intimate contact 
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During the positioning of the apparatus 2500 in the wellbore, the casing 2560 is 
supported by the expansion cone 2555. 

After positioning of the apparatus 2500, a first fluidic material is then 
pumped into the fluid passage 2565. The first fluidic material may comprise any 
5 number of conventional commercially available materiab such as, for example, 
cement, water, alag-miz, epoxy or drilling mud. In a preferred embodiment, the 
first fluidic material comprises a hardenable fluidic sealing material such as, for 
example, cement, epoxy, or slag-mix in order to optimaUy provide a hardenable 
outer amiular body around the expanded casing 2560. 

10 The first fluidic material may be pumped into the fluid passage 2565 at 

operating pressures and flow rates ranging, for example, from about 0 to 4,500 psi 
and 0 to 3,000 gallona/minute. In a preferred embodiment, the first fluidic 
material is pumped into the fluid passage 2565 at operating pressures and flow 
rates ranging from about 0 to 3,500 psi and 0 to 1,200 gallons/minute in order to 

15 optimally provide operational efficiency. 

The first fluidic material pumped into the fluid passage 2565 passes through 
the fluid passages 2570, 2575, 2580, 2590, 2600 and then outside of the apparatus 
2500. The first fluidic material then preferably fills the annular region between 
the outside of the apparatus 2500 and the interior walls of the wellbore. 

20 Theplug2655isthenintroducedintothefluidpassage2565. Theplug2655 

lodges in the throat passage 2650 and fluididy isolates and blocks off the fluid 
passage 2590. In a preferred embodiment, a couple of volumes of a non-hardenable 
fluidic material are then pumped into the fluid passage 2565 in order to remove 
any hardenable fluidic material contained within and to ensure that none of the 

25 fluid passages are blocked. 

A second fluidic material is then pumped into the fluid passage 2565. The 
second fluidic material may comprise any number of conventional commercially 
available materials such as, for example, water, drilling gases, drilling mud or 
lubricant. In a preferred embodiment, the second fluidic material comprises a non* 

30 hardenable fluidic material such as, for example, water, drilling mud, or lubricant 
in order to optimally provide pressurization of the pressure chamber 2660 and 
minimize friction. 
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The second fluidic material may be pumped into the fluid passage 2565 at 
operating pressures and flow rates ranging, for example, from about 0 to 4.500 psi 
and 0 to 4,500 gallons/minute, In a preferred embodiment, the second fluidic 
material is pumped into the fluid passage 2565 at operating pressures and flow 
5 rates ranging from about 0 to 3.500 psi and 0 to UOO gallonfltoute in Order to 
optimally provide operational efficiency. 

The second fluidic material pumped into the fluid passage 2565 passes 
through the fluid passages 2570. 2575, 2580 , 2590 and into the pressure chambers 
2605 of the Blips 2525. and into the pressure chamber 2660. Continued pumping 
10 of the second fluidic material pressurizes the pressure chambers 2605 and 2660. 

The pressurization of the pressure chambers 2605 causes the slip members 
2525 to expand in the radial direction and grip the interior surface of the casing 
2560. The casing 2560 is then preferably maintained in a substantially stationary 
position. 

15 The pressurization of the pressure chamber 2660 causes the upper sealing 

head 2535, outer sealing mandrel 2545 and expansion COne 2555 to move in an 
axial direction relative to the casing 2560. In this manner, the expansion cone 
2555 will cause the casing 2560 to expand in the radial direction, beginning with 

the lower end 2685 of the casing 2560. 

20 During the radial expansion process, the casing 2560 is prevented from 

moving in an upward direction by the slips 2525. A length of the casing 2560 is 
then expanded in the radial direction through the pressurization of the pressure 
chamber 2660. The length of the casing 2560 that is expanded during the 
expansion process will be proportional to the stroke length of the upper sealing 

25 head 2535, outer sealing mandrel 2545, and expansion cone 2555. 

Upon thecompletion of astroke.the operating pressure of the second fhiidic 
material is reduced and the upper sealing head 2635, outer sealing mandrel 2545. 
and expansion cone 2555 drop to their rest positions with the casing 2560 
supported by the expansion cone 2555. The position of the drillpipe 2505 is 
30 preferably adjusted throughouttheradialexpanaionprocessinordertomaintain 

the overlapping relationship between the thin walled sections of the lower end of 
theexistingweUborecasingandtheupperendofthecasing25e0. In apreferred 
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embodiment, the stroking of the expansion cone 2555 i£ then repeated, as 
necessary, until the thin waUed section 2670 of the upper end 2665 of the casing 
2560 is expanded into the thin walled section of the lower end of the existing 
wellbore casing. In this manner, a wellbore casing is formed including two 
5 ac^jacent sections of casing having a substantiaUy constant inside diameter. This 
process may then be repeated for the entirety of the weUbore to provide a wellbore 
casing thousands of feet in length having a substantially constant inside diameter. 

In a preferred embodiment, during the final stroke of the expansion cone 
2555, the slips 2525 are positioned as close as possible to the thin walled section 

10 2670 of the upper end 2665 of the casing 2560 in order minimize slippage between 
the casing 2560 and the existing wellbore casing at the end of the radial expansion 
process. Alternatively, or in addition, the outside diameter of the annular sealing 
member 2675 is selected to ensure sufficient interference fit with the inside 
diameter of the lower end of the existing casing to prevent axial di^lacement of 

15 the casing 2560 during the final stroke. Alternatively, or in addition, the outside 
diameter of the annular sealingmember 2690 is selected to provide an interference 
fit with the inside walls of the wellbore at an earlier point in the radial expansion 
process so as to prevent further axial displacement of the casing 2560. In this 
final alternative, the interference fit is preferably selected to permit expansion of 

20 the casing 2560 by pulling the expansion cone 2555 out of the wellbore, without 
having to pressurize the pressure chamber 2660. 

During the radial expansion process, the pressurized areas of the apparatus 
2500 are preferabfy limited to the fluid passages 2565» 2570, 2575, 2580, and 2590, 
the pressure chambers 2605 within the slips 2525, and the pressure chamb^2660. 

25 No fluid pressure acts directly on the casing 2560. This permits the use of 
operating pressures higher than the casing 2560 could normally withstand. 

Once the casing 2560 has been completely expanded off of the expansion 
cone 2555, the remaining portions of the apparatus 2500 are removed from the 
wellbore. In a preferred embodiment, the contact pressure between the deformed 

30 thin wall sections and compressible annular members of the lower end of the 
existing casing and the upper end 2665 of the casing 2560 ranges from about 400 
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to 10,000 psi in order to optimally support the casiag 2560 using the existing 
wellbore casing. 

In this manner, the casing 2560 is radially expanded into contact with an 
existing section of casing by pressurizing the interior fluid passages 2565, 2570, 

5 2575, 2580, and 2590, the pressure chambers of the slips 2605 and the pressure 
chamber 2660 of the apparatus 2500. 

In a preferred embodiment, as required, the annular body of hardenabk 
fluidic material is then allowed to cure to form a rigid outer annular body about 
the expanded casing 2560. In the case where the casing 2560 is slotted, the cured 

10 fluidic material preferably permeates and Mivelops the expanded casing 2560. The 
resulting new section of wellbore caang includes the expanded ca8ing2560 and the 
rigid outer annular body. The overlapping joint between the pre-existing wellbore 
casing and the expanded casing 2560 includes the deformed thin wall sections and 
the compressible outer annular bodies. The inner diameter of the resulting 

15 combined wellbore casings is substantially constant. In this manner, a mono- 
diameter wellbore casing is formed. Thisprocessofexpandingoverlappingtubular 
members having thin wall end portions with compresmble annular bodies into 
contact can be repeated for the entire length of a wellbore. In this manner, a 
mono-diameter weUbore casing can be provided for thousands of feet in a 

20 subterranean formation. 

In apreferred embodiment, as thecxpansion cone 2555 nears the upper end 
2665 of the casing 2560, the operating pressure of the second fluidic material is 
reduced in order to minimize shock to the apparatus 2500. In an alternative 
embodiment, theapparatus 2500 inchidesashockabsoiberfor absorbing the shock 

25 created by the completion of the radial expanaxm of the casing 2660. 

In a preferred embodiment, the reduced operating pressure of the second 
fluidic material ranges from about 100 to 1,000 psi as the expansion cone 2555 
nears the end of the casing 2560 in order to optimally provide reduced axial 
movement and velocity of the expansion cone 2555. In a preferred embodiment. 

30 the operating pressure of the second fluidic material is reduced during the return 
stroke of the apparatus 2500 to the range of about 0 to 500 psi m order xninimize 
the resistance to the movement of the expansion cone 2555 during the return 
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stroke. In a preferred embodiment, the stroke length of the apparatus 2500 ranges 
from about 10 to 45 feet in order to optimally provide equipments lengths that can 
be easily handled iising typical oil weU rigging equipment and also minimize the 
frequency at which apparatus 2500 must be re*stroked. 
5 In an alternative emhodiment, at least a portion of the upper sealing head 

2535 includes an expansion cone for radially expanding the casing 2560 during 
operation of the apparatus 2500 in order to increase the surface area of the casing 
2560 acted upon during the radial ocpansion process* In this manner, the 
operating pressures can be reduced. 

10 Alternatively, the apparatus 2500 may be used to join a first section of 

pipeline to an existing section of pipeline. Alternatively, the apparatus 2500 may 
be used to directly line the interior of a wellbore with a casing, without the use of 
an outer annular layer of a hardenable material. Alternatively, the apparatus 2500 
may be used to expand a tubular support member in a hole. 

15 Referring now to Figures 19, 19a and 19b, another embodiment of ah 

apparatus 2700 for expanding a tubular member will be described. The apparatus 
2700 preferab^ indudes a driUpipe 2705, an innerstring adapter 2710, a sealing 
sleeve 2716, a first inner sealing mandrel 2720, a first upper sealing head 2725, a 
first lower sealing head 2730, a first outer sealing mandrel 2735, a second inner 

20 sealing mandrel 2740, a second upper sealing head 2745, a second lower sealing 
head 2750, a second outer sealing mandrel 2755, a load mandrel 2760, an 
expansion cone 2765, a mandrel launcher 2770, a mechanical slip body 2775, 
mechanical slips 2780, drag blocks 2785, casing 2790, and fluid passages 2795, 
2800, 2805, 2810, 2815, 2820, 2825, and 2830. 

25 The drillpipe 2705 is coupled , to the innerstring adapter 2710. During 

operation of the apparatus 2700, the drillpipe 2705 supports the apparatus 2700. 
The drillpipe 2705 preferably comprises a substantially hollow tubular member or 
members. The drillpipe 2705 may be fabricated from any number of conventional 
commercially available materials sudi as, for example, oilfield country tubular 

30 goods, low alloy steel, carbon steel, stamless steel, or other similar high strength 
materials. In a preferred embodiment, the drillpipe 2705 is fabricated from coiled 
tubing in order to facilitate the placement of the apparatus 2700 in non-vertical 
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weUbores. The driUpipe 2705 may be coupled to the mnerstring adapter 2710 
using any number of conventional commercially available mechanical couplings 
such as, for example, driUpipe connection, oilfield country tubular goods specialty 
threaded connection, or a standard threaded connection. In a preferred 
5 embodiment, the driUpipe 2705 is removably coupled to the innerstring adapter 
2710 by a driUpipe connection in order to optimally provide high strength and ea^ 
disassembly. 

The driUpipe 2705 preferably inchides a fluid passage 2795 that is adapted 
to convey fluidic materials from a surface location into the fluid passage 2800. In 

10 a preferred embodiment, the fluid passage 2795 is adapted to convey fluidic 
materials such as, for example, cement, epoxy. water, driUing mud or lubricants 
at operating pressures and flow rates ranging from about 0 to 9,000 psi and 0 to 
3,000 gaUonf/minute. 

The innerstring adapter 2710 is coupled to the driU string 2705 and the 

15 sealing deeve 2715. The innerstring adapter 2710 preferably comprises a 
substantiaUy hoUow tubular member or members. The innerstring adapter 2710 
may be fabricated from any number of conventional commerciaUy available 
materials such as. for example, oUfield country tubular goods, low aUoy steel, 
carbon steel, stainless steel orotherabnilar high strength materials. Inapreferred 

20 embodiment, the innerstring adapter 2710 is fabricated from stainless steel in 
order to optimaUy provide high strength, corrosion resistance, and low friction 
surfaces. 

The innerstring adapter 2710may be coupled to the driU string 2705 using 

any number of conventional oommerdaUy avaUable mechanical couplings such as. 
25 forexample,driUpipeconnection,oiffieidcountiytubulargoodsspecialtythreaded 

connection, or a standard threaded connection. In a preferred embodiment, the 
inner8tringadapter27l0i8removably coupled to the driUpipe2705byastandaid 

threaded connection in order to optimaUy provide high strength and easy 
disassembly. The innerstring adapter 2710 may be coupled to the sealing sleeve 
30 2715 using any number of conventional commerciaUy avaflable mechanical 
coupUngs such as. for example, driUpipe connection, oilfield country tubular goods 
specialty type threaded connection, ratchet-latch type threaded connection or a 
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standard threaded connection. In a preferred embodiment, the innerstring 
adapter 2710 is removably coupled to the sealing sleeve 2715 by a standard 
threaded connection. 

The innerstring adapter 2710 preferably includes a fluid passage 2800 that 
5 is adapted to convey fluidic materials from the fluid passage 2795 into the fluid 
passage 2805. In a preferred embodiment, the fluid passage 2800 is adapted to 
convey fluidic materials such as, for example, cement, epoxy, water, drilling mud 
or lubricants at operating pressures and flow rates ranging from about 0 to 9,000 
psi and 0 to 3,000 gallons/minute. 

10 The sealing sleeve 2715 is coupled to the innerstring adapter 2710 and the 

first inner sealing mandrel 2720. The sealing sleeve 2715 preferably comprises a 
substantially hollow tubular member or members. The sealing sleeve 2715 may 
be fabricated from any number of conventional commercially available materials 
such as, for example, oilfield country tubular goods, low alloy steel, carbon steel, 

15 stainless steel or other similar high strength materials. In a preferred 
embodiment, the sealing sleeve 2715 is fabricated from stainless steel in order to 
optimally provide high strength, corrosion resistance, and low friction surfacea 
The sealing sleeve 2715 may be coupled to the imierstring adapter 2710 
using any number of conventional commercially available mechanical couplings 

20 such as, for example, driUpipe comiection, oilfield country tubular goods specialty 
type threaded connection, welding, amorphous bonding, or a standard threaded 
connection. In a preferred embodiment, the sealing sleeve 2715 is removably 
coupled to the innerstring adapter 2710 by a standard threaded connector. The 
sealing sleeve 2715 may be coupled to the first inner sealing mandrel 2720 using 

25 any number of conventional commercially available mechanical couplings such as, 
for example, drillpipe connection, oilfield country tubular goods specialty type 
threaded connection, welding, amorphous bonding or a standard threaded 
connection. In a preferred embodiment, the sealing sleeve 2715 is removably 
coupled to the inner sealing mandrel 2720 by a standard threaded connection. 

30 The sealing sleeve 2715 preferably includes a fluid passage 2802 that is 

adapted to convey fluidic materials from the fluid passage 2800 into the fluid 
passage 2805. In a preferred embodiment, the fluid passage 2802 is adapted to 
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convey fluidic materials such as, for example, cement, epoxy, water, drilling mud 
or lubricants at operating pressures and flow rates ranging from about 0 to 9,000 
pa and 0 to 3,000 gallons/minute. 

The first inner Bcaling mandrel 2720 is coupled to the sealing sleeve 2715 
5 and the first lower sealing head 2730. The first mner sealing mandrel 2720 
preferably comprises a substantially hoUow tubular member or members The first 
inner sealing mandrel 2720 may be fabricated firom any number of conventional 
commercially available materials such as. for example, oilfield country tubular 
goods, low alloy steel, carbon steel, stainless steel or other similar high strength 
10 materials. In a preferred embodiment, the first inner sealing mandrel 2720 is 
fabricated from stainless steel in order to optimally provide high strength, 
corrosion resistance, and low firiction surfaces. 

The first inner sealing mandrel 2720 may be coupled to the sealing sleeve 
2715 using any number of conventional commerciaUy available mechanical 
15 couplings such as, for example, drillpipe connection oilfield country tubular goods 
specialty threaded connection, weldmg, amorphous bonding, or a standard 
threaded connection. In a preferred embodiment, the first inner sealing mandrel 
2720 is removably coupled to the sealing sleeve 2715 by a standard threaded 
connection. The first inner sealing mandrel 2720 maybe coupled to the first lower 
20 sealing head 2730 using any number of conventional commercially available 
mechanical couplings such as, for example, drillpipe connection, oilfield country 
tubular goods specialty type threaded connection, welding, amorphous bonding, 
or a standard threaded connection. In a preferred embodiment, the first inner 
sealingmandrel 2720 is removably coupled to the first lower sealing head 2730 by 
25 a standard threaded connection. 

The first inner sealing mandrel 2720 preferably includes a fluid passage 
2805 that is adapted to conv«!y fluidic materials firom the fluid passage 2802 into 
the fluid passage 2810. In a preferred embodiment, the fluid passage 2805 is 
adapted to convey fluidic materials such as, for example, cement, epoxy, water, 
30 drilling mud or hibricants at operating pressures and flow rates ranging firom 
about 0 to 9,000 psi and 0 to 3.000 gallons/minute. 
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The first upper sealing head 2725 is coupled to the first outer sealing 
mandrel 2735, the second upper sealing head 2745, the second outer sealing 
mandrel 2755, and the expansion cone 2765. The first upper sealing head 2725 is 
also movably coupled to the outer surface of the first inner sealing mandrel 2720 
5 and the inner surface of the casing 2790. In this manner, the first upper sealing 
head 2725 reciprocates in the axial direction. The radial clearance between the 
inner cylindrical surface of the first upper sealing head 2725 and the outer surface 
of the first inner sealing mandrel 2720 may range, for example, from about 0.0025 
to 0.05 inches. In a preferred embodiment, the radial clearance between the inner 

10 cylindrical surface of the first upper sealing head 2725 and the outer surface of the 
first inner sealing mandrel 2720 ranges from about 0.005 to 0.125 inches in order 
to optimally provide minimal radial clearance. The radial clearance between the 
outer cylindrical surface of the first upper sealing head 2725 and the inner surface 
of the casing 2790 may range, for example, from about 0.025 to 0.375 inches. In 

15 a preferred embodiment, the radial clearance between the outer cylindrical surface 
of the first upper sealing head 2725 and the inner surface of the casing 2790 ranges 
from about 0.025 to 0. 125 inches in order to optimally provide stabilization for the 
expansion cone 2765 during the expansion process. 

The first upper sealing head 2725 preferably comprises an anTi^ ^lnr member 

20 having substantiaDy cylindrical inner and outer surfaces. The first upper sealing 
head 2725 may be fabricated from any number of conventional commercially 
available materials such as, for example, oilfield coimtry tubular goods, low alloy 
steel, carbon steel, stainless steel or other similar high strength materials. In a 
preferred embodiment, the first upper sealing head 2725 is fabricated fi^m 

25 stainless steel in order to optimally provide high strength, corrosion resistance and 
low friction surfaces. The inner surface of the first upper sealing head 2725 
preferably includes one or more annular sealing members 2835 for sealing the 
interface between the first upper sealing head 2725 and the fu-st inner sealing 
mandrel 2720. The sealing members 2835 may comprise any nimiber of 

30 conventional commercially available annular sealing members such as, for 
example, o-rings, polypak seals or metal spring energized seals. In a preferred 
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embodiment, the sealing members 2835 comprise polypak seals avaUable from 
Parker Seals in order to optimally provide sealing for long axial strokes. 

In a preferred embodiment, the first upper sealing head 2725 includes a 
shoulder 2840 for supporting the first upper sealing head 2726 on the first lower 

5 sealing head 2730. 

The first upper sealing head 2725 may be coupled to the first outer sealing 
mandrel 2735 using any number of conventional commercially available 
mechanical couplings such as. for example, drillpipe connection, oilfield country 
tubular goods specialty threaded connection, welding, amorphous bonding or a 

10 Btandanithreadedconnection.Inapreferredembodiment.thefirstupper6ealing 

head 2725 is removably coupled to the first outer aeaUng mandrel 2735 by a 
standard threaded connection. In a preferred embodiment, the mechanical 
coupling between the first upper sealing head 2725 and the first outer sealing 
mandrel 2735 indudesoneor more sealing members 2845 for fiuididy sealing the 
15 interface between the first upper sealing head 2725 and the first outer sealing 
mandrel 2735. The sealing members 2845 may comprise any number of 
conventional commcrdaUyavailable8ealingmemberBSUchas.for example, o-rings. 

polypak seals or metal spring energized seals. In a preferred embodiment, the 
sealingmembers 2845 comprise polypak seals available from Parker Seals in order 

20 to optimally provide sealing for long axial strokes. 

The first lower sealing head 2730 is coupled to the first inner sealing 
mandrel 2720 and the second imier sealing mandrel 2740. The first lower sealing 
head 2730 is also movably coupled to the inner surface of the first outer sealing 
mandrel 2735. In this manner, the first upper seahng head 2725 and first outer 

25 sealing mandrel 2735 redprocate m the axial dh^on. The radial clearance 
between the outer surface of the first lower sealing head 2730 and the inner 
surfaceofthefirst outer sealmgmandrel2735mayrange.forexample.fromabout 

0.0025 to0.05indies.Inapreferredembodiment.theradialdearancebetween the 
outer surface of the first lower sealing head 2730 and the inner surface of the first 
30 outer sealing mandrd 2735 ranges from about 0.005 to 0.01 inches in order to 
optimally provide minimal radial dearance. 
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The first lower sealing head 2730 preferably comprises an annular member 
having substantially cylindrical inner and outer surfaces. The first lower sealing 
head 2730 may be fabricated from any number of conventional commercially 
available materials such as, for example, oilfield country tubular goods, low alloy 
5 steel, carbon steel, stainless steel or other similar high strength materials. In a 
preferred embodiment, the first lower sealing bead 2730 is fabricated from 
stainless steel in order to optimally provide high strength, corrosion resistance, 
and low friction surfaces. The outer surface of the first lower sealing head 2730 
preferably includes one or more annular sealing members 2850 for sealing the 

10 interface between the first lower sealing head 2730 and the first outer sealing 
mandrel 2735. The sealing members 2850 may comprise any number of 
conventional commercially available annular sealing members such as, for 
example, o-rings, polypak seals or metal spring energized seals. In a preferred 
embodiment, the sealing members 2850 comprise polypak seals available from 

15 Parker Seals in order to optimally provide sealing for long axial strokes. 

The first lower sealing heiad 2730 may be coupled to the first inner sealing 
mandrel 2720 using any number of conventional commercially available 
mechanical couplings such as, for example, oilfield country tubular goods specialty 
threaded connections, welding, amorphouis bonding, or standard threaded 

20 connection. In a preferred embodiment, the first lower sealing head 2730 is 
removably coupled to the first inner sealing mandrel 2720 by a standard threaded 
connection. In a preferred embodiment, the mechanical coupling between the first 
lower sealing head 2730 and the first inner sealing mandrel 2720 includes one or 
more sealing members 2855 for fluididy sealing the interface between the first 

25 lower sealing head 2730 and the first inner sealing mandrel 2720. The sealing 
members 2855 may comprise any number of conventional commercially available 
sealing members such as, for example, o-rings, polypak seals or metal spring 
energized seals. In a preferred embodiment, the sealing members 2855 comprise 
polypak seals available fixjm Parker Seals in order to optimally provide sealing for 

30 long axial strokes. 

The first lower sealinghead 2730 may be coupled to the second inner sealing 
mandrel 2740 using any nmnber of conventional commercially available 
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mechanical couplingssuchasJorexample,oimeldcountry tubular goods spe^ 
threaded connection, welding, amorphous bonding, or a standard threaded 
connection. In a preferred embodiment, the lower sealing head 2730 is removably 
coupled to the second inner sealing mandrel 2740 by a standard threaded 

5 connection, a preferred embodiment, the mechanical coupling between the first 
lower sealing head 2730 and the second inner sealing mandrel 2740 includes one 
or more sealing members 2860 for nuididy sealing the interface between the first 
lower sealing head 2730 and the second inner sealing mandrel 2740. The sealing 
members 2860 m^ comprise any number of conventional commercially available 

10 sealing members such as, for example, o-rings. polypak seals or metal spring 
energized seals. In a preferred embodiment, the sealing members 2860 comprise 
polypak seals available fitjm Parker Seals in order to optimally provide sealing for 

long axial strokes. 

The first outer sealing mandrel 2735 is coupled to the first upper scaling 
15 head2725.thesecondupperseaIinghead2745.thesecondoutersealingmandi«l 
2755. and the expansion cone 2765. The first outer sealing mandrel 2735 is also 
movibly coupled to the inner surface of the casing 2790 and the outer surface of 
the first lower sealing head 2730. In this mam^er. the fnrst upper sealing head 
2725. first outer sealing mandrel 2735. second upper sealing head 2745. second 
20 oute^ sealing mandrel 2755, and the expansion cone 2765 reciprocate in the axial 
direction. The radial clearance between the outer surface ofthe first outer sealing 
mandrel 2735 and the imier surface ofthe casing 2790 may range, for example, 
from about 0.025 to 0.375 inches. Inapiefen«i embodiment, the radial clearance 
between the outer surface of the first outer sealing mandrel 2735 and the inner 
25 surface of the casing 2790 ranges bom about 0:025 to 0.125 inches in order to 
optimally provide stabilization for the expansion cone 2765 during the expansion 
process. Theradialdearancebetweentheinner surface of the first outer sealing 
maiidrel2735andtheoutersurfaceofthef«rstlowersealinghead2730mayrange. 

for example, from about 0.0025 to 0.05 inches. In a preferred embodiment, the 
30 radial clearance between the inner surface of the first outer sealing mandrel 2735 
and the outer surface ofthe first lower sealing head 2730 ranges from about 0.005 
to 0.01 inches in order to optimally provide minimal radial clearance. 
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The outer sealing mandrel 1935 preferably comprises an annular member 
having substantially cylindrical inner and outer surfaces. The first outer sealing 
mandrel 2735 may be fabricated from any number of conventional commercially 
available materials such as, for example, oilfield country tubular goods, low alloy 
5 steel, carbon steel, stainless steel or other similar high strength materials. In a 
preferred embodiment, the first outer sealing mandrel 2735 is fabricated from 
stainless steel in order to optimally provide high strength, corrosion resistance, 
and low friction surfaces. 

The first outer sealing mandrel 2735 may be coupled to the first upper 

10 sealing head 2725 using any number of conventional commercially available 
mechanical couphngs such as, for example, oilfield coxmtzy tubular goods, welding, 
amorphous bonding, or a standard threaded connection. In a preferred 
embodiment, the first outer sealingmandrel 2735 is removably coupled to the first 
upper sealing head 2725 by a standard threaded connection. The first outer 

1 5 sealing mandrel 2735 may be coupled to the second upper sealing head 2745 using 
any number of conventional commercially avaflable mechanical couplings such as, 
for example, oimeldcountiy tubular goods q)ecialty threaded connection, welding, 
amorphous bonding, or a standard threaded connection. In a preferred 
embodiment, the first outer sealing mandrel 2735 is removably coupled to the 

20 second upper sealing head 2745 by a standard threaded connection. 

The second inner sealing mandrel 2740 is coupled to the first lower sealing 
head 2730 and the second lower sealing head 2750. The second inner sealing 
mandrel 2740 preferably comprises a substantially hollow tubular member or 
members. The second inner sealing mandrel 2740 may be fabricated fix)m any 

25 number of conventional commercially available materials such as, for example, 
oilfield country tubular goods, low alloy steel, carbon steel, stainless steel or other 
similar high strength materials. In a preferred embodiment, the second inner 
sealing mandrel 2740 is fabricated from stainless steel in order to optimally 
provide high strength, corrosion resistance, and low friction surfaces. 

30 The second inner sealing mandrel 2740 may be coupled to the first lower 

sealing head 2730 using any number of conventional commercially available 
mechanical couplings such as, for example, oilfield country tubular goods specialty 
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threaded coimection. welding, amorphous bonding, or a standard threaded 
connection. In a preferred embodiment, the second inner sealing mandrel 2740 is 
removably coupled to the first lower sealing head 2740 by a standard threaded 
connection. The mechanical coupling between the second inner sealing mandrel 
5 2740 and the first lower sealing head 2730 preferably includes sealing members 
2860. 

The second inner sealingmandrel 2740 may be coupled to the second lower 
sealing head 2750 using any number of conventional commercially available 
mechanical couplings such as. for example, oilfield countiytubulargoods specialty 

10 threaded connection, welding, amorphous bonding, or a standard threaded 
connection. In a preferred embodiment, the second inner sealing mandrel 2720 is 
removably coupled to the second lower seaHng head 2760 by a standard threaded 
connection. In a preferred embodiment, the mechanical coupling between the 
second inner sealing mandrel 2740 and the second lower sealing head 2750 

15 inchides one or more sealing members 2865. The sealing members 2865 may 
comprise any number of conventional commercially available seals such as. for 
example, o-rings, polypak seals or metal spring energized seals. In a preferred 
embodiment, the sealing members 2865 comprise polypak seals available horn 
Parker Seals. 

20 The second inner sealing mandrel 2740 preferably includes a fluid passage 

2810 that is adapted to conv^ fluidic materials from the fluid passage 2805 into 
the fluid passage 2815. In a preferred embodiment, the fluid passage 2810 is 
adapted to convey fluidic materiala such as, for example, cement, epoxy, water, 
drilling mud or lubricants at operating pressures and flow rates ranging from 

25 about 0 to 9.000 psi and 0 to 3.000 gallona/minute. 

The second upper sealing head 2745 is coupled to the first upper sealing 
head 2725, the first outer sealingmandrel 2736, the second outer sealingmandrel 
2755. and the expanston cone 2765. The second upper sealing head 2745 is also 
movably coupled to theoutersuri'ace of the second inner sealing mandrel2740 and 

30 the inner surface of the casing 2790. In this manner, the second upper sealing 
head 2745 reciprocates in the axial direction. The radial clearance between the 
inner cylindrical surface of the second upper sealing head 2745 and the outer 
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surface of the second inner sealing mandrel 2740 may range, for example, from 
about 0.0025 to 0.05 inches. In a preferred embodiment, the radial clearance 
between the inner cylindrical surface of the second upper sealing head 2745 and 
the outer surface of the second inner sealing mandrel 2740 ranges from about 
5 0.005 to 0.01 inches in order to optimally provide minimal radial clearance. The 
radial clearance between the outer cylindrical surface of the second upper sealing 
head 2745 and the inner surface of the casing 2790 may range, for example, from 
about 0.025 to .375 inches. In a preferred embodiment, the radial clearance 
between the outer cylindrical surface of the second upper sealing head 2745 and 

10 the inner surface of the casing 2790 ranges from about 0.025 to 0.125 inches in 
order to optimally provide stabilization for the expansion cone 2765 during the 
expansion process. 

The second upper sealing head 2745 preferably comprises an annular 
member having substantially cylindrical inner and outer surfaces. The second 

15 upper sealing head 2745 may be fabricated from any number of conventional 
commercially available materials such as, for example, oilfield country tubular 
goods, low alloy steel, carbon steel, stainless steel or other similar high strength 
materials. In a preferred embodiment, the second upper sealing head 2745 is 
fabricated from stainless steel in order to optimally provide high strength, 

20 corrosion resistance, and low friction surfaces. The inner surface of the second 
upper sealing head 2745 preferably includes one or more annular sealing members 
2870 for sealing the interface between the second upper sealing head 2745 and the 
second inner sealing mandrel 2740. The sealing members 2870 may comprise any 
number of conventional commercially available annular sealing members such as, 

25 for example, o-rings,polypak seals, or metal spring energized seals. In a preferred 
embodiment, the sealing members 2870 comprise polypak seals available from 
Parker Seals in order to optimally provide sealing for long axial strokes. 

In a preferred embodiment, the second upper sealing head 2745 includes a 
shoulder 2875 for supporting the second upper sealing head 2745 on the second 

30 lower sealing head 2750. 

The second upper sealing head 2745 may be coupled to the fu^t outer 
sealing mandrel 2735 using any number of conventional commercially available 



-167. 



25/yl.ll 

mechanical couplings such aa, for example, driUpipe connection, oilfield country 
tubular goods specialty threaded connection, ratchet-latch type threaded 
connecUon, or a standard threaded connection. In a preferred embodiment, the 
second upper sealing head 2745 is removably coupled to the first outer sealing 
5 mandrel 2735 by astandard threaded connection. In a preferred embodiment, the 
mechanical coupling between the second upper sealing head 2745 and the first 
outer sealing mandrel 2735 includes one or more sealing members 2880 for 
fiuidicly sealing the interface between the second upper sealing head 2745 and the 
first outer sealing mandrel 2735. The sealing members 2880 may comprise any 
10 number of conventional commercially available sealing members such as. for 
example, o-rings, polypak seals or metal spring energized seals. In a preferred 
embodiment, the sealing members 2880 comprise polypak seals avaibible from 
Parker Seals in order to optimaUy provide sealing for a long axial stroke. 

The second upper sealing head 2745 may be coupled to the second outer 
15 sealing mandrel 2755 using any number of conventional commercially available 
mechanical couplings such as, for example, drillpipe connection, oilfield country 
tubular goods specialty lype threaded connection, or a standard threaded 
connection. In a preferred embodiment, the second upper sealing head 2745 is 
removably coupled to the second outer sealing mandrel 2755 by a standard 
20 threaded connection. In a preferred embodiment, the mechanical coupling 
between the second upper sealinghead 2745 and the second outer sealing mandrel 
2755 includes one or more sealing members 2885 for fluidicly sealing the interface 
between the second upper sealing head 2745 and the second outer sealing mandrel 
2755. The sealing members 2885 may comprise any number of conventional 
25 commerdaUy available seaUng members such as, for example, o-rings, polypak 
seals or metal spring energized seals. In a preferred embodiment, the sealing 
members 2885 comprise polypak seals available from Parker Seals in order to 
optimally provide sealing for long axial strokes. 

The second lower sealing head 2750 is coupled to the second inner sealing 
30 mandrel 2740 and the load mandrel 2760. The second lower sealing head 2750 is 
also movably coupled to the inner surface of the second outer sealing mandrel 
2755. In this manner, the first upper sealing head 2725, the first outer sealing 
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mandrel 2735» second upper sealing head 2745, second outer sealing mandrel 2755, 
and the expansion cone 2765 reciprocate in the axial direction. The radial 
clearance between the outer surface of the second lower sealing head 2750 and the 
inner surface of the second outer sealing mandrel 2755 may range, for example, 
5 from about 0.0025 to 0.05 inches. In a preferred embodiment, the radial clearance 
between the outer surface of the second lower sealing head 2750 and the inner 
surface of the second outer sealing mandrel 2755 ranges from about 0.005 to 0.01 
inches in order to optimally provide minimal radial clearance. 

The second lower sealing head 2750 preferably comprises an annular 

10 member having substantially cylindrical inner and outer surfaces. The second 
lower sealing head 2750 may be fabricated from any number of conventional 
conmierciaUy available materials such as, for example^ oilfield country tubular 
goods, low alloy steel, carbon steel, stainless steel or other similar high strength 
materials. In a preferred embodiment, the second lower sealing head 2750 is 

15 fabricated from stainless steel in order to optimally provide high strength, 
corrosion resistance, and low friction surfaces. The outer surface of the second 
lower sealing head 2750 preferably inchides one or more annular sealing members 
2890 for sealing the biterface between the second lower sealing head 2750 and the 
second outer seaUng mandrel 2755. The sealing members 2890 may comprise any 

20 number of conventional conmierdally available annular sealing members such as, 
for example, o-rings, polypak seals or metal spring energi2ed seals. In a preferred 
embodiment, the sealing members 2890 comprise polypak seals available from 
ParkCT Seals in order to optimally provide sealing for long axial strokes. 

The second lower sealing head 2750 may be coupled to the second inner 

25 sealing mandrel 2740 using any number of conventional commercially available 
mechanical couplings such as, for example, drillpipe connection, oilfield country 
tubular goods specialty threaded connection, ratchet-latch type threaded 
connection, or a standard threaded connection. In a preferred embodiment, the 
second lower sealing head 2750 is removably coupled to the second inner sealing 

30 mandrel 2740 by a standard threaded connection. In a preferred embodiment, the 
mechanical coupling between the second lower sealing head 2750 and the second 
inner sealing mandrel 2740 includes one or more sealing members 2895 for 
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nuidicly sealing the interface between the second sealing head2750iuid the sew^ 
sealing mandrel 2740. The sealing members 2895 may comprise any number of 
conventional commerdaljy availablesealingmemberssuchas, forexample. o-rings, 
polypak seals or metal spring energized seals. In a preferred embodiment, the 

5 seaUngmembers 2895 comprise polypak seals available from Parker Seals in order 
to optunally provide sealing for a long axial stroke. 

The second lower sealing head 2750 may be coupled to the load mandrel 
2760 using any number of conventional commercially available mechanical 
couplingssuchas, for example, drillpipe connection, oilfield tubular goods specialty 

10 threaded connection, ratchet-latch type threaded connection, or a standard 
threaded connection. In a preferred embodiment, the second lower sealing head 
2750 is removably coupled to the load mandrel 2760 by a standard threaded 
connection. In a preferred embodiment, the mechanical coupling between the 
second lower sealing head 2760 and the k)ad mandrel 2760 inchides one or more 

15 sealing members 2900 for Cuididy sealing the interface between the second lower 
sealing head 2750 and the load mandrel 2760. The sealing members 2900 may 
comprise any number of conventional commercially available sealing members 
such as, for example, o-rings, potypak seals or metal spring energized seals. In a 
preferredembodiment,the8ealingmember82900 comprise polypak sealsavailable 

20 from Pariier Seals in order to optimally provide sealing for long axial strokes. 

In a preferred embodiment, the second lower sealing head 2750 includes a 
throat passage 2905 flmdidy coupled between the fluid passages 2810 and 2816. 

threat passage 2905 is preferably of reduced size and is adapted to receive and 
engage withaphig2910, or other shnilar device. In this manner, the fluid passage 
25 2810fenuidiclyi8olatedfromthefluidpassagB2815. In thik manner, the pressure 
chambers 2915 and 2920 are pressurized. The use of a plurahty of pressure 
chambers in the apparatus 2700 permits the effective driving force to be 
multipUed. While iflustrated using a pair of pressure chambers, 2915 and 2920. 
the apparatus 2700 may be further modified to employ additional pressure 
30 chambers. 

The second outer sealing mandrel 2755 is coupled to the first upper sealing 
head 2726, the first outer sealing mandrel 2735. the second upper sealing head 
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2745, and the expansion cone 2765. The second outer sealing mandrel 2755 is also 
movably coupled to the inner surface of the casing 2790 and the outer surface of 
the second lower sealing head 2750. In this manner, the first upper sealing head 
2725, first outer sealing mandrel 2735, second upper sealing head 2745, second 
5 outer sealing mandrel 2755, and the expansion cone 2765 reciprocate in the axial 
direction. 

The radial clearance between the outer surface of the second outer sealing 
mandrel 2765 and the inner surface of the casing 2790 may range, for example, 
from about 0.025 to 0.375 inches. In a preferred embodiment, the radial clearance 

10 between the outer surface of the second outer sealing mandrel 2755 and the inner 
surface of the casing 2790 ranges from about 0.025 to 0.125 inches in order to 
optimally provide stabilization for the expansion cone 2765 during the expansion 
process. The radial clearance between the inner surface of the second outer sealing 
mandrel 2755 and the outer surface of the second lower sealing head 2750 may 

15 range, for example, from about 0.0025 to 0.05 inches. In a preferred embodiment, 
the radial clearance between the inner surface of the second outer sealing mandrel 
2755 and the outer surface of the second lower sealing head 2750 ranges from 
about 0.005 to 0.01 inches in order to optimally provide mmimn] radial clearance. 
The second outer sealing mandrel 2755 preferably comprises an annular 

20 member having substantially cylindrical inner and outer surfaces. The second 
outer sealing mandrel 2755 may be fabricated from any number of conventional 
commercially available materials such as, for example, oilfield coimtiy tubular 
goods, low alloy steel, carbon steel, stainless steel or other similar high strength 
materials. In a preferred embodiment, the second outer sealing mandrel 2755 is 

25 fabricated from stainless steel in order to optimally provide high strength, 
corrosion resistance, and low fiiction surfaces. 

The second outer sealing mandrel 2755 may be coupled to the second upper 
sealing head 2745 using any number of conventional commercially available 
mechanical couplings such as, for example, drillpipe connection, oilfield country 

30 tubular goods specialty threaded connection, ratchet-latch type threaded 
connection or a standard threaded connection. In a preferred embodiment, the 
second outer sealing mandrel 2755 is removably coupled to the second upper 
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sealing head 2745 by a standard threaded connection. The second outer sealing 
mandrel 2755 may be coupled to the expansion cone 2765 using any number of 
conventional commercially available mechanical couplings such as. for example, 
drillpipe connection, oilfield country tubular goods specialty type threaded 

5 comiection. latchet-Utdi type threaded connection, or a standard threaded 
connection. In a preferred embodunent. the second outer sealing mandrel 2755 is 
removably coupled to theexpansioncone2765bya8tandard threaded connection. 

The load mandrel 2760 is coupled to the second lower sealinghead 2750 and 
tiie mechanical dip body 2755. The load mandrel 2760 preferably comprises an 

10 annular member having substantiaUy cylindrical inner and outer surfkces. The 
load mandrel 2760 may be fabricated from any number of conventional 
commercially available materials such as. for example, oilfield country tiibular 
goods, low alloy steel, carbon steel, stainless steel or other rimilar hi^ strength 
materials. In a preferred embodiment, the load mandrel 2760 is fabricated from 

15 stainless steel in order to optimally provide high sbrength. corrosion resistance. 

and low friction surfaces. 

The load mandrel 2760 may be coupled to the second lower sealing head 
2750 using any number of conventional commercially available mechanical 
couphngssuchas. for example.drillpipeconnection.oilfieldcountry tubular goods 

20 specially type tiireaded connection, ratchet-latch type tiureaded connection, or a 
standard threadedcomiection. In a preferred embodiment, the load mandrel 2760 
isremovablycoupledtoti.e8econdlower sealinghead 2750byastandard threaded 
comiection. The load mandrel 2760 may be coupled to the mechanical slip body 
2775 using any number of conventional commercially available mechanical 

25 couplingssucha8.forexample.drillpipecomiection,oilfieldcounbTtubulargoods 

specialty type threaded comiection. ratchet-latch type threaded comiection or a 
standard threadedconnection. In a preferred embodiment, the load mandrel 2760 
is removably coupled to the mechanical sUp body 2775 by a standard threaded 

connection. 

30 The load mandrel 2760 preferably includes a fluid passage 2815 that is 

adapted toconveyfluidicmaterialsfromthefluidpassage2810to the fluidpassage 

2820. In a preferred embodiment, the fluid passage 2815 is adapted to convey 
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fluidic materials such as, for example, cement, epoxy, water, drilling mud or 
lubricants at operating pressures and flow rates ranging from about 0 to 9,000 psi 
and 0 to 3,000 gallons/minute. 

The expansion cone 2765 is coupled to the second outer sealing mandrel 
5 2755. Theexpansioncone2765isalsomovablycoupledto the iimer surface of the 
casing 2790. In this manner, the first upper sealing head 2725, first outer sealing 
mandrel 2735, second upper sealing head 2745, second outer sealing mandrel 2755, 
and the expansion cone 2765 reciprocate in the axial direction. The reciprocation 
of the expanaon cone 2765 causes the casing 2790 to expand in the radial 
10 direction. 

The expansion cone 2765 preferably comprises an annular member having 
substantially cylindrical inner and conical outer surfaces. The outside radius of 
the outside conical surface may range, for example, from about 2 to 34 inches. In 
a preferred embodiment, the outside radius of the outside conical surface ranges 

15 from about 3 to 28 inches in order to optimally provide expansion cone dimensions 
that accommodate the typical range of casings. The axial length of the expansion 
cone 2765 may range, for example, 6x>m about 2 to 8 times the largest outer 
diameter of the expansion cone 2765. In a preferred embodiment, the axial length 
of the expansion cone 2765 ranges fi^m about 3 to 5 times the largest outer 

20 diameter of the expansion cone 2765 in order to optimally provide stabilization and 
centralization of the expansion cone 2765. In a preferred embodiment, the angle 
of attack of the expansion cone 2765 ranges from about 5 to 30 degrees in order to 
optimally balance frictional forces and radial expansion forces. 

The expansion cone 2765 may be fabricated frt>m any number of 

25 conventional commercially available materials such as, for example, machine tool 
steel, nitride steel, titaniiun, tungsten carbide, ceramics or other simUar high 
strength materials. In a preferred embodiment, the expansion cone 2765 is 
fabricated from D2 machine tool steel in order to optimally provide hi^ strength 
and resistance to corrosion and galling. In a particularly preferred embodiment, 

30 the outside siuface of the expansion cone 2765 has a surface hardness ranging 
from about 58 to 62 Rockwell C in order to optimally provide high strength and 
resistance to wear and galling. 
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The expansion cone 2765 may be coupled to the second outside sealing 
mandrel 2765 using any number of conventional commercially available 
mechanical couplings such as. for example, driUpipe connection, oilfield country 
tubular goods specialty type threaded connection, ratchet-latch type threaded 
5 • connection or a standard threaded connection. In a preferred embodiment, the 
expansion cone 2765 is coupled to the second outside sealing mandrel 2765 using 
a standard threaded connection in order to optimally provide high strength and 
easy replacement of the expansion cone 2765. 

The mandrel launcher 2770 is coupled to the casing 2790. The mandrel 
10 launcher 2770 comprises a tubular section of casing having a reduced wall 
thickness compared to the casing 2790. In a preferred embodiment, the wall 
thickness of the mandrel launcher 2770 is about 50 to 100 % of the wall thickness 
of the casing 2790. The waU thickness of the mandrel launcher 2770 may range 
, for example, from about 0.15 to 1.6 inches. In a preferred embodiment, the waU 
15 thickness ofthe mandrel launcher 2770 ranges firom about 0.25 to 0.75 inches. In 
this manner, the initiation ofthe radial expansion ofthe casing 2790 is facilitated, 
the placement of the apparatus 2700 within a wellbore casing and weUbore is 
facilitated, and the mandrel launcher 2770 has a burst strength approximately 
equal to that of the casing 2790. 
20 The mandrel launcher 2770 may be coupled to the casing 2790 using any 

number of conventional mechanical couplings such as, for example, a standard 
threaded connection. The mandrel launcher 2770 may be fabricated from any 
number of conventional commercially available materials such as, for example, 
oilfield country tubular goods, low alloy steel, carbon steel, stainless steel, or other 
25 similarhighstrengthmaterials. In apreferred embodiment, the mandrel launcher 
2770 is fabricated fiom oilfield country tubular goods of higher strength than that 
of the casing 2790 but with areduced waU thickness m order to optimally provide 
asmall compact tubular container havingabuTst strength approximately equal to 

that ofthe casing 2790. 
30 The mechanical sUp body 2775 is coupled to the load mandrel 2760, the 

mechanical sUps 2780, and the drag blocks 2785. The mechanical slip body 2775 
preferably comprises a tubular member having an inner passage 2820 fluidicly 
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coupled to the passa^ 2815. In this manner, fluidic materials may be conveyed 

from the passage 2820 to a region outside of the apparatus 2700. 

The mechanical slip body 2775 may be coupled to the load mandrel 2760 

using any number of conventional mechanical couplings. In a preferred 

5 embodiment, the mechanical slip body 2775 is removably coupled to the load 

mandrel 2760 using a standard threaded connection in order to optimally provide 

high strength and easy disassembly. The mechanical slip body 2775 may be 

coupled to the mechanical slips 2780 using any number of conventional mechanical 

couplings. In a preferred embodiment, the mechanical slip body 2755 is removably 

10 coupled to the mechanical slips 2780 using threaded connections and sliding steel 

retainer rings in order to optimally provide a high strength attachment The 

mechanical slip body 2755 may be coupled to the drag blocks 2785 using any 

number of conventional mechanical couplings. In a preferred embodiment* the 

mechanical slip body 2775 is removably coupled to the drag blocks 2785 using 

15 threaded connections and sUding steel retainer rings in order to optimally provide 
a high strength attachment 

The mechanical slip body 2775 preferably includes a fluid passage 2820 that 
is adapted to convey fluidic materials from the fluid passage 2816 to the region 
outside of the apparatus 2700. In apreferred embodiment, the fluid passage 2820 

20 is adapted to convey fluidic materials such as. for example, cement, epoxy. water, 
drilling mud or lubricants at operating pressures and flow rates ranging from 
about 0 to 9,000 psi and 0 to 3,000 gallona^minute. 

The mechanical slips 2780 are coupled to the outside surface of the 
mechanical slip body 2775. During operation of the apparatus 2700, ttie 

25 mechanical slips 2780 prevent upward movement ofthecasing2790 and mandrel 
launcher 2770. In this manner, during the axial reciprocation of the expansion 
cone 2765. the casing 2790 and mandrel launcher 2770 are maintamed in a 
substantially stationaiy position. In this manner, the mandrel launcher 2765 and 
casing 2790 and mandrel launcher 2770 are expanded in the radial direction by the 

30 axial movement ofthe expansion cone 2765. 

The mechanical slips 2780 may comprise any number of conventional 
commercially available mechanical slips such as, for example, RTTS packer 
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tungsten carbide mechanical dips. RTTS packer wicker type mechanical sUps or 
Model 3L retrievable bridge phig tungsten carbide upper mechanical slips. In a 
preferred embodiment. themechanical8lips2780 comprise RTTS packertungsten 

carbide mechanical sUps available from Halliburton Energy Services in order to 
5 optimally provide resistance to wdal movement of the casing 2790 and mandrel 
launcher 2770 during the expansion process. 

The drag blocks 2785 are coupled to the outside surface of the mechanical 
sUp body 2775. During operation of the apparatus 2700. the drag blocks 2785 
prevent upward movement of the casing 2790 and mandrel launcher 2770. In this 
10 manner, during the wdal reciprocation of the expansion cone 2765. the casing 2790 
and mandrel launcher 2770 are maintained in a substantially stationary position. 
In this manner, the mandrel launcher 2770 and casing 2790 are expanded m the 
radial direction by the axial movement of the expansion cone 2765. 

The drag blocks 2785 may comprise any number of conventional 
15 commercially available mechanical sUps such as, for example, RTTS packer 
mechanical drag blocks or Model 3L retrievable bridge plug drag blocks. In a 
preferred embodiment, the drag blocks 2785 comprise RTTS packer mechanical 
drag blocks available from HaUiburt»n Energy Services in order to optimaDy 
provide resistance to axial movement of the casing 2790 and mandrel launcher 
20 2770 during the expansion process. 

The casing2790 is coupled to the mandrel launcher 2770. The casing 2790 
is further removably coupled to the mechanical slips 2780 and drag blocks 2785. 
Thecasing2790preferablycomprise8atubularmember. The casing 2790 may be 
fabricated fromany number of conventional commerdallyavaUablematerialssuch 

25 as. for example, slotted tubulars. oilfield countiy tubular goods, low alloy steel. 
carbonsteel,8tainlesssteelorother sunilarhighstrengthmaterials. Ina preferred 
embodiment, the casing 2790 is fabricated from oilfield countiy tubular goods 
available from various fordgn and domestic steel mills in order to optimally 
providehighstrengthusingstandardizedmaterials. In a preferred embodiment. 

30 theupperendoftheca8ing2790includesoneormoreBealingmemberspositioned 

about the exterior of the caang 2790. 



-176- 



25»^J.ll 

During operation, the apparatus 2700 is positioned in a welJbore with the 
upper end of the casing 2790 positioned in an overlapping relationship within an 
existing welibore casing. In order minimize surge pressures within the borehole 
during placement of the apparatus 2700, the fluid passage 2795 is preferably 
5 provided with one or more pressure relief passages. During the placement of the 
apparatus 2700 in the welibore, the casing 2790 is supported by the expansion cone 
2765. 

After positioning of the apparatus 2700 within the bore hole in an 
overlapping relationship with an existing section of welibore casing, a first fluidic 

10 material is pumped into the fluid passage 2795 ftx)m a surface location. The first 
fluidic material is conveyed from the fluid passage 2795 to the fluid passages 2800, 
2802, 2805, 2810, 2815, and 2820. The first fluidic material will then exit the 
apparatus 2700 and fill the annular region between the outside of the apparatus 
2700 and the interior waUs of the bore hole. 

15 The first fluidic material may comprise any number of conventional 

commercially available materials such as, for example, epoxy, drilling mud, slag 
mix, water or cement. In a preferred embodiment, the first fluidic material 
comprises a hardenable flmdic sealing material such as, for example, slag miT^ 
epoxy, or cement. In this manner, a welibore casing having an outer annular layer 

20 of a hardenable material may be formed. 

The first fluidic material may be pumped into the apparatus 2700 at 
operating pressures and flow rates ranging, for example, from about 0 to 4,500 psi 
and 0 to 3,000 gallons/minute. In a preferred embodiment, the first fluidic 
material is pumped into the apparatus 2700 at operating pressures and flow rates 

25 ranging from about 0 to 3,500 psi and 0 to 1,200 gallonfi/minute in order to 
optimally provide operational efficiency. 

At a predetermined point in the injection of the first fluidic material such 
as, for example, after the annular region outside of the apparatus 2700 has been 
filled to a predetermined level, a plug 2910, dart, or other similar device is 

30 introduced into the fu-st flmdic material. The plug 2910 lodges in the throat 
passage 2905 thereby fluidicly isolating the fluid passage 2810 from the fluid 
passage 2815. 
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Aaer placement of the plug 2910 in the throat passage 2905, a second fluidic 
material is pumped into the fluid passage 2795 in order to pressurize the pressure 
chambers 2915 and 2920. The second fluidic material may comprise any number 
of conventional commerdaUy available materials such as. for example, water, 

5 drilling gases, drilling mud or lubricants. In a preferred embodiment, the second 
fluidic material comprises a non-hardenable fluidic material such as, for example, 
water, drilling mud or lubricant The use of lubricant optimally provides 
lubrication of the moving parts of the q)paratus 2700. 

The second fluidic material may be pumped into the apparatus 2700 at 

10 operating pressures and flow rates ranging, for example, fromabout 0 to 4,500 psi 

and 0 to 4,500 gallons/minute. In a preferred embodiment, the second fluidic 

material is pumped into the apparatus 2700 at operating pressures and flow rates 

ranging from about 0 to 3.500 psi and 0 to 1,200 g^llonafaiinute in order to 

optimally provide operational efGcienqr. 
15 Thepressuri2ationofthepressurechambers2915and2920causetheupper 

sealing heads. 2725 and 2745, outer sealing mandrels, 2735 and 2755, and 
expansion cone 2765 to move in an axial direction. As the expansion cone 2765 
moves in the axial direction, the expansion cone 2765 pulls the mandrel launcher 
2770. casing 2790, and drag blocks 2785 along, which sets the mechanical sUps 

20 2780 and stops ftirther axial movement of the mandrel launcher 2770 and casing 
2790. In this manner, the axial movement of the expansion cone 2766 radially 
expands the mandrel launcher 2770 and casing 2790. 

Once the upper sealing heads, 2725 and 2745. outer sealing mandrels. 2735 
and 2755, and expansion cone 2765 complete an axial stroke, the operating 

25 pressureofthesecondfluidicmatcrialisreducedandthedrill8tring2705israi6ed 

This causes the inner sealing mandrels. 2720 and 2740, lower sealing heads, 2730 
and 2750. load mandrel 2760, and mechanical slip body 2755 to move upward. 
This unsets the mechanical slips 2780 and permits the mechanical sUps 2780 and 
drag blocks 2785 to be moved upward within the mandrel launcher 2770 and 
30 casing 2790. When the lower sealing heads, 2730 and 2750. contact the upper 
seaUng heads, 2725 and 2745, the second fluidic material Is again pressurized and 
the radial expansion process continues. In this manner, the mandrel launcher 
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2770 and casing 2790 are radially expanded through repeated axial strokes of the 
upper sealing heads, 2725 and 2745, outer sealing mandrels, 2735 and 2755, and 
expansion cone 2765. Throughout the radial expansion process, the upper end of 
the casing 2790 is preferably maintained in an overlapping relation with an 
5 existing section of wellbore casing. 

At the end of the radial expansion process, the upper end of the casing 2790 
is expanded into intimate contact with the inside surface of the lower end of the 
existing wellbore casing. In a preferred embodiment, the sealing members 
provided at the upper end of the casing 2790 provide a fhiidic seal between the 

10 outside surface of the upper end of the casing 2790 and the inside surface of the 
lower end of the existing wellbore casing. In a preferred embodiment, the contact 
pressure between the casing 2790 and the existing section of wellbore casing 
ranges from about 400 to 10,000 in order to optimally provide contact pressure for 
activating the sealing members, provide optimal resistance to axial movement of 

15 the expanded casing, and optimally resist typical tensile and compressive loads on 
the expanded casing. 

In a preferred embodiment, as the expansion cone 2765 nears the end of the 
casing 2790, the operating pressure of the second fluidic material is reduced in 
order to minimize shock to the apparatus 2700. In an alternative embodiment, the 

20 apparatus 2700 includes a shock absorber for absorbing the shock created by the 
completion of the radial expansion of the casing 2790. 

In a preferred embodiment, the reduced operating pressure of the second 
fluidic material ranges from about 100 to 1,000 psi as the expansion cone 2765 
nears the end of the casing 2790 in order to optimaUy provide reduced axial 

25 movement and velocity of the expansion cone 2765. In a preferred embodiment, 
the operating pressure of the second fluidic material is reduced during the return 
stroke of the apparatus 2700 to the range of about 0 to 500 psi in order minimize 
the resistance to the movement of the expansion cone 2765 during the return 
stroke. In a preferred embodiment, the stroke length of the apparatus2700 ranges 

30 from about 10 to 45 feet in order to optimally provide equipment that can be easily 
handled by typical oil well rigging equipment and minimize the frequenQr at which 
the apparatus 2700 must be re-stroked during an expansion operation. 
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In an alternative embodiment, at least a portion of the upper sealing heads. 
2725 and 2745, include expansion cones for radiaUy expanding the mandrel 
launcher 2770 and casing2790 during operation of the apparatus 2700 in order to 
increase thesurfaceareaofthecasing2790 acted uponduringthe radial expansion 

5 pncBss. In this manner, the operating pressures can be reduced. 

In an alternative embodunent, mechanical slips are positioned in an axial 
location between the sealing sleeve 1915 and the first inner sealing mandrel 2720 
in order to optimally provideasimplified assembly and operation of the apparatus 

2700. 

10 Upon the complete radial expansion of the casing 2790. if appUcable, the 

first fluidic material is permitted to cure within the annular region between the 
outside of the expanded casing 2790 and the interior walls of the weUbore. In the 
case where the casing 2790 is slotted, the cured fluidic material preferably 
permeates and envelops the expanded casing 2790. In this manner, a new section 

15 ofweUboi«casingisfonnedwithinaweBbore. Alternatively, the apparatus 2700 
may be used to join a first section of pipeline to an eating section of pipeline. 
Alternatively, the apparatus 2700 may be used to directly line the interior of a 
weUbore withacasing, without the use of an outer annular layer ofahardenable 

material. Alternatively, the apparatus 2700 may be used to expand a tiibular 

20 support member in a hole. 

Duringtiie radial expansion process, thepressurizedareasof the apparatus 

2700 are limited to the fluid passages 2795. 2800. 2802. 2805, and 2810. and the 
pressurechamber82915 and 2920. No fluid pressure acts directiy on the mandrel 
launcher2770and casing 2790. Thispermitstheuse of operatingpressurcs higher 

25 than the mandrel launcher 2770 and casing 2790 could normally witiistand. 

Referring now to Figure 20, a preferred embodiment of an apparatus 3000 
for forming a monoHiiameterwellbore casing will be described. The apparatus 
3000 preferably includes a drillplpe 3005, an innerstiring adapter 3010. a sealing 
sleeve 3015. a first inner sealing mandrel 3020. hydraulic sUps 3025. a first upper 

30 sealing head 3030. a first lower sealing head 3035. a furst outer sealing mandrel 
3040, a second inner sealing mandrel 3045. a second upper sealing head 3050. a 
secondlowersealinghead3055,asecondoutersealingmandrel3060.loadmandrel 
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3065, expansion cone 3070, casing 3075, and flmd passages 3080, 3085, 3090, 3095, 
3100, 3105, 3110, 3115 and 3120. 

The driUpipe 3005 is coupled to the innerstring adapter 3010. During 
operation of the apparatus 3000, the drillpipe 3005 supports the apparatus 3000. 
5 The drillpipe 3005 preferably comprises a substantially hollow tubular member or 
members. The drillpipe 3005 may be fabricated from any number of conventional 
commercially available materials such as, for example, oilfield countiy tubular 
goods, low alloy steel, carbon steel, stainless steel or other similar hi^ strength 
materials. In a preferred embodiment, the drillpipe 3005 is fabricated from coiled 

10 tubing in order to faciliate the placement of the apparatus 3000 in non-vertical 
wellbores. The drillpipe 3005 may be coupled to the innerstring adapter 3010 
using any number of conventional commercially available mechanical couplings 
such as, for example, drillpipe connection, oilfield coumtzy tubular goods specialty 
threaded connection, or a standard threaded connection. In a preferred 

15 embodiment, the driUpipe 3005 is removably coupled to the innerstring adapter 
3010 by a driUpipe connection. 

The drillpipe 3005 preferab^ includes a fluid passage 3080 that is adapted 
to convey fluidic materials from a surface location into the fkud passage 3085, In 
a preferred embodiment, the fluid passage 3080 is adapted to convey fluidic 

20 materials such as, for example, cement, epoxy, water, drilling mud or lubricants 
at operating pressures and flow rates ranging &t>m about 0 to 9,000 psi and 0 to 
3,000 gaUons/minute. 

The innerstring adapter 3010 is coupled to the drill string 3005 and the 
seahng sleeve 3015. The innerstring adapter 3010 preferably comprises a 

25 substantially hoDow tubular member or members. The innerstring adapter 3010 
may be fabricated from any number of conventional commercially available 
materials such as, for example, oilfield countiy tubular goods, low alloy steel, 
carbon steel, stainless steel, or other similar high strength materials. In a 
preferred embodbnent, the innerstring adapter 3010 is fabricated from stainless 

30 steel in order to optimally provide high strength^ corrosion resistance, and low 
friction surfaces. 
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The mnerstring adapter 3010 may be coupled to the drill string 3005 using 
any number of conventional commercially available mechanical couplings such as. 
for example. driUpipe connection, oilfield country tubular goods specialty type 
threaded connection, or a standard threaded connection. In a preferred 
5 embodiment, the inneratring adapter 3010 is removably coupled to the drill pipe 
3005 by a driUpipe connection. The innerstring adapter 3010 may be coupled to 
the sealing sleeve 3015 using any number of conventional commercially available 
mechanical couplings such as, for example, driUpipe connection, oilfield countiy 
tubular goods specialty type threaded connection, ratchet-latch type threaded 
10 connection or a standard threaded connection. In a preferred embodiment, the 
innerstring adapter 3010 is removably coupled to the seaUng sleeve 3015 by a 
standard threaded coimection. 

The innerstring adapter 3010 preferably mchides a fluid passage 3085 that 
is adapted to convey fluidic materials from the fluid passage 3080 into the fluid 
15 passage 3090. In a preferred embodiment, the fluid passage 3085 is adapted to 
convey fluidic materials such as. for example, cement, epoxy. water, drilling mud. 
or hibricants at operating pressures and flow rates ranging from about 0 to 9.000 
psi and 0 to 3,000 gaUonsMnute. 

The sealing sleeve 3015 is coupled to the innerstring adapter 3010 and the 
20 first inner sealing mandrel 3020. The sealing sleeve 30 15 preferably comprises a 
substantially hollow tubular member or members. The sealing sleeve 3015 may 
be fabricated from any number of conventional commerciaUy available materiak 
such as, for example, oilfield country tubular goods, low aUpy steel, carijon steel, 
stainless steel or other similar high strength materials. In a preferred 
25 embodiment, the seaUng sleeve 3015 is febricated from stainless steel in order to 
optimally provide high strength, corrosion resistance, and low friction surfaces. 

The sealing sleeve 3015 may be coupled to the innerstring adapter 3010 
using any number of conventional commercially available mechanical coupUngs 
such as, for example. driUpipe connection, oilfield countiy tubular goods specialty 
30 type threaded connection, ratchet-latch type connection or a standard threaded 
connection. In a preferred embodiment, the sealing sleeve 3015 is removably 
coupled to the innerstring adapter 3010 by a standard threaded connection. The 
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sealing sleeve 3015 may be coupled to the first inner sealing mandrel 3020 using 
any number of conventional commercially available mechanical couplings such as, 
for example, drillpipe connection, oilfield country tubular goods specialty type 
threaded connection, ratchet-latch type threaded connection or a standard 
5 threaded connection. In a preferred embodiment, the sealing sleeve 3015 is 
removably coupled to the first inner sealing mandrel 3020 by a standard threaded 
connection. 

The sealing sleeve 3015 preferably includes a flxiid passage 3090 that is 
adapted to convey fluidic materials from the fluid passage 3085 into the fltiid 

10 passage 3095. In a preferred embodiment, the fluid passage 3090 is adapted to 
convey fluidic materials such as, for example, cement, epo3cy, water, drillmgmud, 
or lubricants at operating pressures and flow rates ranging from about 0 to 9,000 
psi and 0 to 3,000 gallons/minute. 

The first inner sealing mandrel 3020 is coupled to the sealing sleeve 3015, 

15 the hydraulic slips 3025, and the first lower sealing head 3035. The first inner 
sealing mandrel 3020 is further movably coupled to the first upper sealing head 
3030. The first inner sealing mandrel 3020 preferably comprises a substantially 
hollow tubular member or members. The first inner sealing mandrel 3020 may be 
fabricated from any ntunber of conventional commercially available materials such 

20 as, for example, oilfield cotmtry tubular goods, low aUoy steel, carbon steel, 
stainless steel, or similar high strength materials. In a preferred embodiment, the 
first inner sealing mandrel 3020 is fabricated from stainless steel in order to 
optimally provide high strength, corrosion resistance, and low fiiction surfaces. 
The first inner sealing mandrel 3020 may be coupled to the sealing sleeve 

25 3015 using any number of conventional commercially available mechanical 
couplings such as, for example, drillpipe connection, oilfield country tubular goods 
specialty type threaded coimection, ratchet-latch type threaded connection or a 
standard threaded connection. In a preferred embodiment, the first irmer sealing 
mandrel 3020 is removably coupled to the sealing sleeve 3015 by a standard 

30 threaded connection. The first inner sealing mandrel 3020 may be coupled to the 
hydraulic shps 3025 using any niunber of conventional commercially available 
mechanical couplings such as, for example, drillpipe cormection, oilfield coimtry 
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tubular goods specialty type threaded connection, ratchet-latch type threaded 
connection or a standard threaded connection. In a preferred embodiment, the 
first inner sealing mandrel 3020 is removably coupled to the hydraulic sHps 3025 
by a standard threaded connection. The first inner sealing mandrel 3020 may be 
5 coupled to the first lower seaUng head 3035 using any number of conventional 
commercially available mechanical couplings such as. for example, drillpipe 
comiection, oilfield countiy tubular goods specialty type threaded connection, 
ratchet-latch type threaded connection or a standard threaded comiection. In a 
preferred embodiment, the first inner sealing mandrel 3020 is removabfy coupled 
10 to the first lower sealing head 3035 by a standard threaded connection. 

The first inner sealing mandrel 3020 preferably includes a fluid passage 
3095 that is adapted to convey fluidic materials from the fluid passage 3090 into 
the fluid passage 3100. In a preferred embodiment, the fluid passage 3095 is 
adapted to convey fluidic materials such as, for example, water, drilling mud, 
15 cement, epoxy. or hibricants at operating pressures and flow rates ranging firom 
about 0 to 9.000 psi and 0 to 3.000 gallons/minute. 

The first inner sealing mandrel 3020 farther preferably includes fluid 
passages 3110 that are adapted to conv^ fluidic materials from the fluid passage 
3095 into the pressure chambere of the hydraulic sUps 3025. In this manner, the 
20 slips 3025 are activated upon the pressuriiation of the fluid passage 3095 into 
contact with the inside surfaceofthecasing 3075. In a preferred embodiment, the 
fluid passages 3110 are adapted to convqr fluidic materials such as, for example, 
cement, epo^. water, drilling fluids or lubricants at operating pressures and flow 
rates ranging from about 0 to 9,000 psi and 0 to 3,000 gallona/minute. 
25 The first inner sealing mandrel 3020 ftjrther preferably includes fluid 
passages 31 15 that are adapted to convey fluidic materials from the fluid passage 
3095 into the first pressure chamber 3175 defmed by the first upper sealing head 
3030, the first lower sealing head 3035, the firet inner sealing mandrel 3020, and 
the first outer sealing mandrel 3040. During operation of the apparatus 3000, 
30 pressurization of the pressure chamber 3175 causes the first upper sealing head 
3030,the first outer sealingmandrel3040.the second upper 8ealmghead3050,the 
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second outer sealing mandrel 3060, and the expansion cone 3070 to move in an 
axial direction. 

The slips 3025 are coupled to the outside surface of the first inner sealing 
mandrel 3020. During operation of the apparatus 3000, the slips 3025 are 
5 activated upon the pressurization of the fluid passage 3095 into contact with the 
inside surface of the casing 3075. In this manner, the slips 3025 maintain the 
casing 3075 in a substantially stationary position. 

The slips 3025 preferably include fluid passages 3125, pressure chambers 
3130, spring bias 3135, and slip members 3140. The slips 3025 may comprise any 

10 number of conventional commercially available hydraulic slips such as, for 
example, RTTS packer tungsten carbide hydraulic slips or Model 3L retrievable 
bridge plug with hydraiilic slips. In a preferred embodiment, the slips 3025 
comprise RTTS packer tungsten carbide hydrauKc slips available from Halliburton 
Energy Services in order to optimaUy provide resistance to axial movement of the 

15 casing 3075 during the expansion process. 

The first upper sealing head 3030 is coupled to the first outer sealing 
mandrel 3040, the second upper sealing head 3050, the second outer sealing 
mandrel 3060, and the expansion cone 3070. The first upper sealing head 3030 is 
also movably coupled to the outer surface of the first inner sealing mandrel 3020 

20 and the inner surface of the casing 3075. In this manner, the first upper sealing 
head 3030, the first outer sealing mandrel 3040, the second upper sealing head 
3050, the second outer sealing mandrel 3060, and the expansion cone 3070 
reciprocate in the axial direction. 

The radial clearance between the inner cylindrical surface of the first upper 

25 sealing head 3030 and the outer surface of the first inner sealing mandrel 3020 
may range, for example, firom about 0.0025 to 0.05 inches. In a preferred 
embodiment, the radial clearance between the inner cylindrical surface of the first 
upper sealing head 3030 and the outer surface of the first inner sealing mandrel 
3020 ranges firom about 0.005 to 0.01 inches in order to optimally provide mi nimal 

30 radial clearance. The radial clearance between the outer cylindrical surface of the 
first upper sealing head 3030 and the inner surface of the casing 3075 may range, 
for example, from about 0.025 to 0.375 inches. In a preferred embodiment, the 
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radial clearance between the outer cylindrical surface of the first upper sealing 
head 3030 and the inner surface of the casing 3075 ranges from about 0.025 to 
0.1 25 inches in order to optimally provide stabilization for the e^qiansion cone 3070 
during Uie «pansion process. 

5 The first upper sealing head 3030 preferably comprises an annular member 
having substantially cylindrical inner and outer surfaces. The first upper sealing 
head 3030 may be fabricated from any number of conventional commercially 
available materials such as, for example, oilfield country tubular goods, low alloy 
steel, carbon steel, or other similar high strength materials. In a preferred 

10 embodiment, the first upper sealing head 3030 is faljricated from stainless steel in 
order to optimally provide hi^ strength, corrosion resistance, and low friction 
surfaces. The inner surface of the first upper sealing head 3030 preferably 
includes one or more annular sealing members 3145 for sealing the interface 
between the first upper sealinghead 3030 and the first inner sealingmandrel 3020. 

15 The sealing members 3145 may comprise any number of conventional 
commeicialfy available annular sealing members such as, for example, o-rings, 
polypak seals or metal spring energized seals. In a preferred embodiment, the 
sealmg members 3145 comprise polypak seals avaUable firom Parker seals in order 
to optimally provide sealing for a long axial stroke. 

20 In a preferred embodiment, the first upper sealing head 3030 includes a 

shoulder 3 150 for supporting the first upper sealing head 3030. first outer sealing 
mandrel 3040,seconduppersealinghead3050.6econd outer sealingmandrel 3060. 

and expansion cone 3070 on the first lower sealing head 3035. 

The first upper sealing head 3030 m^r be coupled to the first outer seahng 

25 mandrel 3040 using any number of conventional commercially available 
mechanical couplings such as. for example. driUpipe connection, oilfield country 
tubular goods specialty type threaded connection, or a standard threaded 
connection. In a preferred embodiment, the first upper sealing head 3030 is 
removably coupled to the first outer sealing mandrel 3040 by a standard threaded 

30 connection. In a preferred embodiment, the mechanical couplingbetween the first 
upper sealing head 3030 and the first outer sealing mandrel 3040 inchides one or 
more sealing members 3155 for fluididy sealing the interface between the first 
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upper sealing head 3030 and the first outer sealing mandrel 3040. The sealing 
members 3155 may comprise any number of conventional commercially available 
sealing members such as, for example, o-rings, polypak seals, or metal spring 
energized seals. In a preferred embodiment, the sealing members 3155 comprise 
5 polypak seals available from Parker Seals in order to optimally provide sealing for 
a long axial stroke. 

The first lower sealing head 3035 is coupled to the first inner sealing 
mandrel 3020 and the second inner sealing mandrel 3045. The first lower sealing 
head 3035 is also movably coupled to the inner surface of the first outer sealing 

10 mandrel 3040, In this manner, the first upper sealing head 3030, first outer 
sealing mandrel 3040, second upper sealing head 3050, second outer sealing 
mandrel 3060. and expansion cone 3070 reciprocate in the axial direction. The 
radial clearance between the outer surface of the first lower sealing head 3035 and 
the mner surface of the first outer sealing mandrel 3040 may range, for example, 

15 from about 0.0025 to 0.05 inches. In a preferred embodiment, the radial clearance 
between the outer surface of the first lower sealing head 3035 and the inner 
surface of the outer sealing mandrel 3040 ranges from about 0,005 to 0.01 inches 
in order to optimally provide mmimiil radial clearance. 

The first lower sealing head 3035 preferably comprises an annular member 

20 having substantially cylindrical inner and outer surfaces. The first lower sealing 
head 3035 may be fabricated from any number of conventional commercially 
available materials such as, for example, oilfield country tubidar goods, low alloy 
steel, carbon steel, stainless steel or other similar high strength materials. In a 
preferred embodiment, the first lower sealing head 3035 is fabricated from 

25 stainless steel in order to optimally provide high strength, corrosion resistance, 
and low friction surfaces. The outer surface of the first lower sealing head 3035 
preferably includes one or more annular sealing members 3160 for sealing the 
interface between the first lower sealing head 3035 and the first outer sealing 
mandrel 3040. The sealing members 3160 may comprise any number of 

30 conventional commercially available annular sealing members such as, for 
example, o-rings,.polypak seals, or metal spring energized seals. In a preferred 
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embodiment, the sealing members 3160 comprise polypak seaJs available from 
Parker Seals in order to optimally provide sealing for a long axial stroke. 

The first lower sealing head 3035 may be coupled to the first inner scaling 
mandrel 3020 tising any number of conventional commercially available 

5 mechanical couplings such as, for example, drillpipe connection, oilfield country 
tubular goods specialty type threaded connection, ratchet-latch type threaded 
connection or a standard threaded connection. In a preferred embodiment, the 
first lower sealing head 3035 is removably coupled to the first inner sealing 
mandrel 3020 by a standard threaded connection. In a preferred embodiment, the 

10 mechanical coupling between the first lower sealing head 3035 and the first inner 
sealing mandrel 3020 includes one or more sealing members 3165 for fluididy 
sealing the interface between the first lower seaUng head 3035 and the first inner 
sealing mandrel 3020. The sealing members 3165 may comprise imy number of 
conventionalcommerciallyavailableseaBngmemberssuchas, for example, o-rings, 

15 polypak seab. or metal spring energized seals. In a preferred embodiment, the 
sealing menibers3165compri8epolypakflealBavaUablefromParkerSeal8in order 

to optimally provide sealing for a long axial stroke length. 

The first lower eealinghead 3035 maybecoupledtothesecond inner sealing 

mandrel 3045 using any number of conventional commercially available 
20 mechanical couplings such as. for example. driUpipe connection, oilfield country 
tubular goods spedalty type threaded connection, ratchet latch type threaded 
connection or a standard threaded connection. In a preferred embodiment, the 
first lower sealing head 3035 is removably coupled to the second inner sealing 
mandrel 3045 hy a standard threaded connection. In a preferred embodiment, the 
25 mechanical coupling between the first lower sealing head 3035 and the second 
inner sealing mandrel 3045 includes one or more sealing members 3170 for 
fluidicly seahng the interface between the first lower sealing head 3035 and the 
second inner sealing mandrel 3045. The sealing members 3170 may comprise any 
number of conventional commercially available sealing members such as. for 
30 example, o-rings. polypak seals or metal spring energized seals. In a preferred 
embodiment, the sealing members 3170 comprise polypak seals available from 
Parker Seals in order to optimally provide sealing for a long axial stroke. 
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The first outer sealing mandrel 3040 is coupled to the first upper sealing 
head 3030 and the second upper sealing head 3050. The first outer sealing 
mandrel 3040 is also movably coupled to the inner surface of the casmg 3075 and 
the outer surface of the first lower sealing head 3035. In this manner/ the first 
5 upper sealing head 3030, first outer sealing mandrel 3040, second upper sealing 
head 3050, second outer sealing mandrel 3060, and the expansion cone 3070 
reciprocate in the axial direction. The radial clearance between the outer surface 
of the first outer sealing mandrel 3040 and the inner surface of the casing 3075 
may range, for example, from about 0.025 to 0.375 inches. In a preferred 

10 embodiment, the radial clearance between the outer surface of the first outer 
sealing mandrel 3040 and the inner surface of the casing 3076 ranges firom about 
0.025 to 0. 125 inches in order to optimally provide stabilization for the expansion 
cone 3070 during the expansion process. The radial clearance between the hmer 
surface of the first outer sealing mandrel 3040 and the outer surface of the fiist 

15 lower sealing head 3035 may range, for example, from about 0.005 to 0.125 inches. 
In a preferred embodiment, the radial clearance between the inner surface of the 
first outer sealing mandrel 3040 and the outer surface of the first lower sealing 
head 3035 ranges from about 0.005 to 0.01 inches in order to optimally provide 
minimal radial clearance. 

20 The fu*st outer sealing mandrel 3040 preferably comprises an annular 

member having substantially cylindrical inner and outer surfaces. The first outer 
sealing mandrel 3040 may be fabricated frx)m any number of conventional 
commercially available materials such as, for example, oilfield country tubular 
goods, low alloy steel, carbon steel, stainless steel or other similar high strength 

25 materials. In a preferred embodiment, the first outer sealing mandrel 3040 is 
fabricated from stainless steel in order to optimally provide high strength, 
corrosion resistance, and low friction surfaces. 

The first outer sealing mandrel 3040 may be coupled to the first upper 
sealing head 3030 using any number of conventional commercially available 

30 mechanical couplings such as, for example, drillpipe connection, oilfield country 
tubular goods specialty type threaded connection, ratchet-latch type threaded 
connection or a standard threaded connection. In a preferred embodiment, the 
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first outer sealing mandrel 3040 is removably coupled to the first upper sealing 
head 3030 by a standard threaded connection. In a preferred embodiment, the 
mechanical coupling between the first outer scaling mandrel 3040 and the first 
upper sealing head 3030 includes one or more sealing members 3180 for sealing 
5 the interface between the first outer sealing mandrel 3040 and the first upper, 
sealing head 3030. The seaUng members 3180 may compriae any number of 
conventionalcommerdany available sealingmemberssuchasjor example, o-ri^ 

polypak seals or metal spring energized seals. In a preferred embodiment, the 
sealmgmember83180 comprise polypak seals available firom Parker Seals in order 

10 to optimally provide sealing for a long axial stroke. 

The first outer aealing mandrel 3040 may be coupled to the second upper 
sealing head 3050 using any number of conventional commerciaUy available 
mechanical coupUngs such as, for example, drillpipe connection, oilfield country 
tubutar goods specialty type threaded connection, ratchet-latch type threaded 

15 connection, or a standard threaded connection. In a preferred embodiment, the 
first outer sealing mandrel 3040 is removably coupled to the second upper sealing 
head 3050 by a standard threaded connection. In a preferred embodiment, the 
mechanical coupUng between the first outer sealing mandrel 3040 and the second 
upper sealing head 3050 includes one or more sealing members 3185 for sealing 

20 theinterfacebetweenthefirstouter8ealingmandrel3040andthe8econd upper 

sealing head 3050. The sealing members 3185 may comprise any number of 
conventional commercially available sealingmembersBUchas, for example, o-rings, 

polypak seals or metal spring energized seals. In a preferred embodiment, the 
sealingmembers 3185 comprise polypak seals available from Parker Seals morder 

25 to optimally provide sealing for a k>ng axial stroke. 

The second inner sealing mandrel 3046 is coupled to the first lower sealing 
head 3035 and the second lower seaUng head 3055. The second inner sealing 
mandrel 3045 preferably comprises a substantially hollow tubular member or 
members. The second inner sealing mandrel 3045 may be fabricated from any 

30 number of conventional commerciaUy available materials such as. for example, 
oilfield country tubular goods, low aUoy steel, carbon steel, stainless steel or other 
similar high strength materials. In a preferred embodiment, the second inner 
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sealing mandrel 3045 is fabricated from stainless steel in order to optimally 
provide hi{^ strength, corrosion resistance, and low friction surfaces. 

The second inner sealing mandrel 3045 may be coupled to the first lower 
sealing head 3035 using any number of conventional commercially available 
5 mechanical couplings such as, for example, drillpipe connection, oilfield country 
tubular goods specialty type threaded connection, ratchet-latch type threaded 
connection or a standard threaded connection. In a preferred embodiment, the 
second inner sealing mandrel 3045 is removably coupled to the first lower sealing 
head 3035 by a standard threaded connection. The second inner sealing mandrel 

10 3045 may be coupled to the second lower sealing head 3055 using any number of 
conventional commercially available mechanical couplings such as, for example, 
drillpipe connection, oilfield country tubular goods specialty type threaded 
connection, ratchet-latch type connection, or a standard threaded connection. In 
a preferred embodiment, the second inner sealing mandrel 3045 is removably 

15 coupled to the second lower sealing head 3055 by a standard threaded connection. 

The second inner sealing mandrel 3045 preferab^r includes a flmd passage 
3100 that is adapted to oonv^ fluidic materials from the fluid passage 3095 into 
the fluid passage 3105. In a preferred embodiment, the fluid passage 3100 is 
adapted to convey fluidic materials such as, for example, cement, epoxy, water, 

20 drilling mud or lubricants at operating pressures and flow rates ranging from 
about 0 to 9,000 psi and 0 to 3,000 gallona/minute. 

The second inner sealing mandrel 3045 further preferably includes fluid 
passages 3120 that are adapted to convey fluidic materials from the fluid passage 
3100 into the second pressure chamber 3190 defined the second upper sealing 

25 head 3050, the second lower sealing head 3055, the second inner sealing mandrel 
3045, and the second outer sealing mandrel 3060. During operation of the 
apparatus 3000, pressurization of the second pressure chamber 3190 causes the 
first upper sealing head 3030, the first outer sealing mandrel 3040, the second 
upper sealing head 3050, the second outer sealing mandrel 3060, and the 

30 expansion cone 3070 to move in an axial direction. 

The second upper sealing head 3050 is coupled to the first outer sealing 
mandrel 3040 and the second outer sealing mandrel 3060. The second upper 
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sealing head 3050 is idso movably coupled to the outer surface pf the second inner 
sealing mandrel 3045 and the inner surface of the casing 3075. In this manner, 
the second upper sealing head 3050 reciprocates in the aadal direction. The radial 
clearance between the inner cylindrical surface of the second upper sealing head 

5 3050 and the outer surface of the second inner sealing mandrel 3045 may range, 
for example, Irom about 0.0025 to 0.05 inches. In a preferred embodiment, the 
radial clearance between the inner cylindrical surface of the second upper sealing 
head 3050 and the outer surface of the second inner sealing mandrel 3045 ranges 
from about 0.005 to 0.01 inches in order to optimaDy provide minimal radial 

10 clearance. The radial clearance between the outer cylindrical surface of the second 
upper sealing head 3050 and the inner surface of the casing 3076 may range, for 
example, from about 0.025 to 0.375 inches. In a preferred embodiment, the radial 
clearance between the outer cylindrical surface of the second upper sealing head 
3050 and the inner surface of the casing 3075 ranges from about 0.025 to 0.125 

15 inches in order to optimally provide stabilization for the expansion cone 3070 

during the expansion process. 

The second upper sealing head 3050 preferably comprises an annular 
member having substantially cylindrical inner and outer surfaces. The second 
upper sealing head 3050 may be fabricated from any number of conventional 
20 commercially available materials such as. for example, oilfield countiy tubular 
goods, low alloy steel, carbon steel, stainless steel or other simitar high strengto 
materiala. In a preferred embodiment, the second upper sealing bead 3050 is 
fabricated from stainless steel in order to optimaUy provide hi^ strength, 
corrosion resistance, and low friction surfaces. The inner surfiEice of the second 

25 uppersealinghead3050preferablyinclude8oneormoreannularsealingmembers 
3195 for sealing the interfacebctween the second upper sealing head 3050 and the 
aecondinnersealingmandxel3045. The sealingmembers 3195 may comprise any 
number of conventional commercially available annular sealmg members such as. 
for example, o-rings. polypak seals or metal spring energized seata. In a preferred 

30 embodiment, the sealing members 3195 comprise potypak seata avaitable from 
Parker Seals in order to optimally provide sealing for a long axial stroke. 
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In a preferred embodiment, the second upper sealing head 3050 includes a 
shoulder 3200 for supporting the first upper sealing head 3030, first outer sealing 
mandrel 3040, second upper sealing head 3050, second outer sealing mandrel 3060, 
and expansion cone 3070 on the second lower sealing head 3055. 
5 The second upper sealing head 3050 may be coupled to the first outer 

sealing mandrel 3040 using any number of conventional commercially available 
mechanical couplings such as, for example, drillpipe connection, oilfield countzy 
tubular goods specialty type threaded connection, ratchet-latch type threaded 
connection, or a standard threaded connection. In a preferred embodiment, the 

10 second upper sealing head 3050 is removably coupled to the first outer sealing 
mandrel 3040by a standard threaded connection. In a preferred embodiment, the 
mechanical coupling between the second upper sealing head 3050 and the first 
outer sealing mandrel 3040 includes one or more sealing members 3185 for 
fluidicly sealing the interface between the second upper sealing head 3050 and the 

15 first outer sealing mandrel 3040. The second upper sealing head 3050 m^ be 
coupled to the second outer sealing mandrel 3060 using any number of 
conventional conunerdaUy available mechanical couplings such as, for example, 
drillpipe connection, oilfield country tubular goods spedalty type threaded 
connection, ratchet-latch type threaded connection, or a standard threaded 

20 connection. In a preferred embodiment, the second upper sealing head 3050 is 
removably coupled to the second outer sealing mandrel 3060 by a standard 
threaded connection. In a preferred embodiment, the mechanical coupling 
between the second upper sealing head 3050 and the second outer sealing mandrel 
3060 includes one or more sealing members 3205 for fluididy sealing the interface 

25 betweentheseconduppersealinghead3050andthesecondouter8ealingmandrel 
3060. 

The second lower sealing head 3055 is coupled to the second inner sealing 
mandrel 3045 and the load mandrel 3065. The second lower sealing head 3055 is 
also movably coupled to the inner surface of the second outer sealing mandrel 
30 3060. In this manner, the first upper sealing head 3030, first outer sealing 
mandrel 3040, second upper sealing mandrel 3050, second outer sealing mandrel 
3060, and expansion cone 3070 reciprocate in the axial direction. The radial 
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clearance between the outer surface of the second lower sealing head 3055 and the 
inner surface of the second outer sealing mandrel 3060 may range, for example, 
from about 0.0025 to 0.05 inches. In a preferred embodiment, the radial clearance 
between the outer surfece of the second lower sealing head 3055 and the inner 
5 surface of the second outer sealing mandrd 3060 ranges from about 0.005 to 0.01 
inches in order to optimaUy provide minimal radial clearance. 

The second lower sealing head 3055 preferably comprises an annular 
member having substantially cylindrical inner and outer surfaces. The second 
lower sealing head 3056 may be fabricated from any number of conventional 
10 commercially available materials such as, for example, oilfield countiy tubular 
goods, low alloy steel, carbon steel, stainless steel, or other similar high strength 
materials. In a preferred embodiment, the second lower sealing head 3065 is 
fabricated from stainless steel in order to optimally provide high strength, 
corrosion resistance, and low friction mirfeces. The outer surface of the second 
15 lower sealinghead 3055 preferably inchides one or more annular sealing members 
3210 for sealing the interface between the second lower seaUng head 3055 and the 
second outer seaUng mandrel 3060. The sealing members 3210 may comprise any 
number of conventional commerciaUy available annular sealing members such as, 
for example, o-rings, polypak seals, or metal spring energized seals. In a preferred 
20 embodiment, the sealing members 3210 comprise polypak seals avaUable from 
Parker Seals in order to optimally provide sealing for long axial strokes. 

The second lower sealing head 3055 may be coupled to the second inner 
sealing mandrel 3045 using any number of conventional commerdaUy available 
mechanical couplings such as, for example, drillpipe connection, oilfield countiy 
25 tubular goods specialty type threaded connection, or a standard threaded 
connection. In a preferred embodiment, the second lower sealing head 3055 is 
removably coupled to the second inner sealing mandrel 3045 by a standard 
threaded connection. In a preferred embodiment, the mechanical coupling 
between the lower sealing head 3055 and the second inner sealing mandrd 3045 
30 includes one or more sealing members 3215 for fluididy sealing the interface 
between the second lower sealinghead 3055 and the second inner sealing mandrel 
3045. The sealing members 3215 may comprise any number of conventional 
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commercially available sealing meml)ers such as, for example, o-rings, polypak 
seals or metal spring energized seals. In a preferred embodiment, the sealing 
members 3215 comprise polypak seals available from Parker Seals in order to 
optimally provide sealing for long axial strokes. 
5 The second lower sealing head 3055 may be coupled to the load mandrel 
3065 using any number of conventional commercially available mechanical 
couplings such as, for example, drillpipe connection, oilfield country tubular goods 
specialty type threaded connection, or a standard threaded connection. In a 
preferred embodiment, the second lower sealing head 3055 is removably coupled 

10 to the load mandrel 3065 by a standard threaded connection. In a preferred 
embodiment, the mechanical coupling between the second lower sealing head 3055 
and the load mandrel 3065 includes one or more sealing members 3220 for fluidicly 
sealing the interface between the second lower sealing head 3055 and the load 
mandrel 3065. The sealing members 3220 may comprise any number of 

15 conventional commercially avaikblesealingmembers such as, for example, o-ring^ 
polypak seals or metal spring energized seals. In a preferred embodiment, the 
sealing members 3220 comprise pollypak seals available from Parker Seals in order 
to optimally provide sealing for a long axial stroke. 

In a preferred embodiment, the second lower sealing head 3055 includes a 

20 throat passage 3225 fluidicly cotipled between the fluid passages 3100 and 3105. 
The throat passage 3225 is preferably of reduced size and is adapted to receive and 
engage with a plug 3230, or other similar device. In this manner, the fluid passage 
3100 is fluidicly isolated from the fluid passage 3105. In this manner, the pressure 
chambers 3175 and 3190 are pressurized. Furthermore, the placement of the plug 

25 3230 in the throat passage 3225 also pressurizes the pressure chambers 3130 of the 
hydraulic slips 3025. 

The second outer sealing mandrel 3060 is coupled to the second upper 
sealing head 3050 and the expansion cone 3070, The second outer sealing mandrel 
3060 is also movably coupled to the inner surface of the casing 3075 and the outer 

30 surface of the second lower sealing head 3055. In this manner, the first upper 
sealing head 3030, first outer sealing mandrel 3040. second upper sealing head 
3050, second outer sealingmandrel 3060, and the expansion cone 3070 reciprocate 
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in the axial direction. The radial clearance between the outer surface of the 
second outer sealing mandrel 3060 and the inner surface of the casing 3075 may 
range, for example, from about 0.025 to 0.375 inches. In a preferred embodiment, 
the radial dearanoebetweentheouter surface ofthe second outer sealing mandrel 

5 3060 and the inner surface ofthe casing 3075 ranges from about 0.025 to 0.125 
inches in order to optimally provide stabilizaUon for the expansion cone 3070 
during the expansion process. The radial clearance between the inner surface of 
the second outer scaling mandrel 3060 and the outer surface of the second lower 
sealing head 3055 may range, for example, from about 0.0025 to 0.05 inches. In 
10 a preferred embodiment, the radial clearance between the inner surface of the 
second outer sealing mandrel 3060 and the outer surface of the second lower 
sealing head 3055 ranges from about 0.005 to 0.01 inches in order to optimally 
provide minimal radial clearance. 

The second outer sealing mandrel 3060 preferably comprises an annular 
15 member having substantial^ cylindrical inner and outer surCaces. The second 
outer sealing mandrel 3060 may be fabricated from any number of conventional 
commerdaily available materials such as, for example, oilfield country tubular 
goods, low alloy steel, carbon steel, stainless steel or other similar hi^ strength 
materials. In a preferred embodiment, the second outer sealing mandrel 3060 is 
20 fabricated from stainless steel in order to optimally provide high strength, 
corrosion resistance, and low friction surfaces. 

The second outer sealingmandrel 3060 may be coupled to the secondupper 

sealing head 3050 using any number of conventional commercially available 
mechanical couplings such as. for example, drillpipe connection, oilfield countiy 

25 tubular goods specialty lype threaded connection, or a standard threaded 
connection. In a preferred embodiment, the outer sealing mandrel 3060 is 
removably coupled to the second upper sealing head 3050 by a standard threaded 
connection. The second outer sealing mandrel 3060 may be coupled to the 
expansion cone 3070 using any nmnber of conventiomd commercially available 

30 mechanical coupUngs such as. for example, drillpipe comiection. oilfield countiy 
tubular goods specialty type threaded connection, or a standard threaded 
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connection. In a preferred embodiment, the second outer sealing mandrel 3060 is 
removably coupled to the expansion cone 3070 by a standard threaded connection. 

The first upper sealing head 3030, the first lower sealing head 3035, the first 
inner sealing mandrel 3020, and the first outer sealing mandrel 3040 together 
5 define the first pressure chamber 3175. The second upper sealing head 3050, the 
second lower sealing head 3055, the second inner sealing mandrel 3045, and the 
second outer sealing mandrel 3060 together define the second pressure chamber 
3190. The first and second pressure chambers, 3175 and 3190, are fluididy 
coupled to the passages, 3095 and 3100, via one or more passages, 3115 and 3120. 

10 During operation of the apparatus 3000, the plug 3230 engages with the throat 
passage 3225 to fluididy isolate the fluid passage 3100 from the fluid passage 3105. 
The pressure chambers, 3175 and 3190, are then pressurized which in turn causes 
the first upper sealing head 3030, the first outer sealing mandrel 3040, the second 
upper sealing head 3050, the second outer sealing mandrel 3060, and expansion 

15 cone 3070 to redprocate in the axial direction. The axial motion of the expansion 
cone 3070 in turn expands the casmg 3075 in the radial direction. The use of a 
plurality of pressure chambers, 3175 and 3190, effectively multiplies the available 
driving force for the expansion cone 3070. 

The load mandrel 3065 is coupled to the second lower sealing head 3055. 

20 The load mandrel 3065 preferably comprises an annular member having 
substantially cylindrical inner and outer surfaces. The load mandrel 3065 may be 
fabricated fii>m any number of conventional commercially available materials such 
as, for example, oilfield countty tubular goods, low alloy steel, carbon steel, 
stainless steel or other similar high strength materials. In a preferred 

25 embodiment, the load mandrel 3065 is fabricated firom stainless steel in order to 
optimally provide high strength, corrosion resistance, and low friction surfaces. 

The load mandrel 3065 may be coupled to the lower sealing head 3055 using 
any number of conventional commercially available mechanical couplings such as, 
for example, epoxy, cement, water, drilling mud, or lubricants. In a preferred 

30 embodiment, the load mandrel 3065 is removably coupled to the lower sealing head 
3055 by a standard threaded connection. 
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The load mandrel 3065 preferably includes a fluid passage 3105 that is 
adapted to conv^ fluidic materials from the fluid passage 3100 to the region 
outside of the apparatus 3000. Inaprcferred embodiment, the fluid passage 3105 
is adapted to convqr fluidic materials such as, for example, cement, epoxy, water, 

5 drilling mud or lubricants at operating pressures and flow rates ranging from 
about 0 to 9,000 pa and 0 to 3,000 gallons/minute. 

The expansion cone 3070 is coupled to the second outer sealing mandrel 
3060. The expansion cone 3070 is also movably coupled to the inner surface of the 
casing 3075. In this manner, the first upper sealing head 3030, first outer sealing 

10 mandrel 3040. second upper sealinghead 3050, second outer sealingmandrel 3060, 
and the expansion cone 3070 reciprocate in the axial direction. The rociprocation 
of the expansion cone 3070 causes the casing 3075 to expand in the radial 
direction. 

The expansion cone 3070 preferably comprises an annular member having 
15 substantially cylindrical inner and conical outer surfaces. The outside radius of 
tiie outside conical surface may range, for example, ttom about 2 to 34 inches. In 
a preferred embodunent, the outside radms of the outside conical surface ranges 
from about 3 to 28 inches in order to optimally provide an expansion cone 3070 for 
expandingtypical casings. The axial lengtixofthe expansion cone 3070 may range. 
20 for example, from about 2 to 8 times tiie maximum outer diameter of tiie 
expansion cone 3070. In apreferred embodiment, tiie axial length of tiie expansion 
cone 3070 ranges from about 3 to 5 times ti»e maximum outer diameter of the 
expansion cone 3070 In order to optimally provide stabilization and centralization 
of tiie expansion cone 3070 during tiie expansion process. In a particularly 
25 preferredembodlment,tiiemaximumoutsidediameteroftiieexpanEioncone3070 

isbetween about95 to 99 % of tiie inside diameter of tiie existing weUbore Uiat tiie 
casing3075 will be joined witii. In a preferred embodiment, tiie an^e of attack of 
tiie expansion cone 3070 ranges firom about 5 to 30 degrees in order to optimally 
balance the frictional forces with the radial expansion forces. 
30 The expansion cone 3070 may be fabricated from any number of 

conventional commerdaUy available materials such as, for example, machine tool 
steel, nitride steel, titanium, tungsten carbide, ceramics, or otiier similar high 
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strength materials. In a preferred embodiment, the expansion cone 3070 is 
fabricated from D2 machine tool steel in order to optimally provide high strength 
and resistance to wear and galling. In a particularly preferred embodiment, the 
outside surface of the expansion cone 3070 has a surface hardness ranging from 
5 about 58 to 62 Rockwell C in order to optimally provide high strength and 
resistance to wear and galling. 

The expansion cone 3070 may be coupled to the second outside sealing 
mandrel 3060 using any number of conventional commercially available 
mecham'cal couplings such as, for example, drillpipe connection, oilfield country 
10 tubular goods specialty type threaded connection, ratchet-latch type connection or 
a standard threaded connection. In a preferred embodiment, the expansion cone 
3070 is coupled to the second outside sealing mandrel 3060 using a standard 
threaded connection in order to optimally provide high strength and easy 
disassembly. 

15 The casing 3075 is removably coupled to the slips 3025 and the expansion 

cone 3070. The casing 3075 preferably comprises a tubular member. The casing 
3075 may be fabricated from any number of conventional commercially available 
materials such as, for example, slotted tubulars, oilfield oounby tubular goods, 
carbon steel, low alloy steel, stainless steel, or other similar high strength 

20 materials. In a preferred embodiment, the casing 3075 is fabricated &x>m oilfield 
coimtry tubular goods available from various fordgn and domestic steel mills in 
order to optimally provide high strength. 

In a preferred embodiment, the upper end 3235 of the casing 3075 includes 
a thin wall section 3240 and an outer annular sealing member 3245. In a preferred 

25 embodiment, the wall thickness of the thin wall section 3240 is aboiit 50 to 100 % 
of the regular wall thickness of the casing 3075. In this manner, the upper end 
3235 of the casing 3075 may be easily radially expanded and deformed into 
intimate contact with the lower end of an existing section of wellbore casing. In 
a preferred embodiment, the lower end of the existing section of casing also 

30 includes a thin wall section. In this manner, the radial expansion of the thin 
walled section 3240 of casing 3075 into the thin walled section of the existing 
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wellbore casing results in a weUbore casing having a substantially constant inside 
diameter. 

The annular sealing member 3245 may be fabricated from any number of 
conventional commercially availab le sealing materials such as, for example, epqxy, 
5 rubber, metal orplastic. In a preferred embodiment, the annular sealing member 
3245 is fabricated from StrataLock epoxy in order to optimaUy provide 
compressibiUty and wear resistance. The outside diameter of the annular sealing 
member 3245 preferably ranges from about 70 to 95 % of thcinside diameter of the 
lower section of the wellbore casing that the casing 3075 is joined to. In this 
10 manner, after radial expansion, the annular sealing member 3246 optimally 
provides a fluidic seal and also preferably optimaUy provides sufficient frictional 
force with the inside surface of the existing section of weUbore casing during the 
radial expansion of the casing 3075 to support the casing 3075. 

In a preferred embodhnent, the lower end 3250 of the casing 3075 includes 
15 athinwall8ection3255andanouterannularsealingmember3260. Inapreferred 
embodiment, the wall thickness of the thin waU section 3255 is about 50 to 100 % 
of the regular wall thickness of the casing 3075. In this manner, the lower end 
3250 of the casing 3075 may be easily expanded and deformed. Furthermore, in 
this manner, an other section of casing may be easily joined with the lower end 
20 3250 of the casing 3075 using a radial expansion process. In a preferred 
embodiment, the upper end of the other section of casing also includes a thin waU 
section. In this manner, the radial expansion of the thin walled section of the 
upper end of the other casing into the thin waUed section 3255 of the lower end 
3250 of the casing 3075 results in a weUbore casing having a substantially constant 
25 inside diameter. 

The upper annular sealing member 3245 may be fabricated from any 
number of conventional commercially available sealing materials such as, for 
example, epoxy. rubber, metal or plastic. In a preferred embodiment, the upper 
annular sealing member 3245 is fabricated from Stratalock epoxy in order to 
30 optimally provide compresabiUty and resistance to wear. The outside diameter of 
the upper annular sealing member 3245 preferably ranges from about 70 to 95 % 
of the inside diameter of the lower section of tiie existing weUbore casing that the 
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casing 3075 is joined to. In this manner, after radial expansion, the upper anntilar 
sealing member 3245 preferably provides a fluidic seal and also preferably provides 
sufficient frictional force with the inside wall of the wellbore diiring the radial 
expansion of the casing 3075 to support the casing 3075. 
5 The lower annular sealing member 3260 may be fabricated from any 

number of conventional commercially available sealing materials such as, for 
example, epoxy, rubber, metal or plastic. In a preferred embodiment, the lower 
annular sealing member 3260 is fabricated from StrataLock epoxy in order to 
optimally provide compressibility and resistance to wear. The outside diameter of 

10 the lower annular sealing member 3260 preferably ranges from about 70 to 95 % 
of the inside diameter of the lower section of the ATigfipg wellbore casing that the 
casing 3075 is joined to. In this manner, the lower annular sealing member 3260 
preferably provides a fluidic seal and also preferably provides sufficient frictional 
force with the inside wall of the wellbore diuing the radial expansion of the casing 

15 3075 to support the casing 3075. 

During operation, the apparatus 3000 is preferably positioned in a wellbore 
with the upper end 3235 of the casing 3075 positioned in an overlapping 
relationship with the lower end of an existing wellbore casing. In a particularly 
preferred embodiment, the thin wall section 3240 of the casing 3075 is positioned 

20 in opposing overlapping relation with the thin wall section and outer anntdar 
sealing member of the lower end of the existing section of wellbore casing. In this 
manner, the radial e:q)ansion of the casing 3075 will compress the thin wall 
sections and annular compressible members of the upper end 3235 of the casing 
3075 and the lower end of the existing wellbore casing into intimate contact 

25 During the positioning of the apparatus 3000 in the wellbore, the casing 3000 is 
preferably supported by the expansion cone 3070. 

After positioning the apparatus 3000, a first flxtidic material is then pumped 
into the fluid passage 3080. The first fluidic material may comprise any number 
of conventional commercially available materials such as, for example, drilling 

30 mud, water, epoxy, cement, slag mix or lubricants. In a preferred embodiment, the 
first fluidic material comprises a hardenable fluidic sealing material such as, for 
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example, cement, epoxy. or slag mix in order to optimally provide a hardenable 
outer annular body around the expanded casing 3075. 

The first fluidic material may be pumped into the fluid passage 3080 at 
operating pressures and flow rates ranging, for example, from about 0 to 4,500 psi 
5 and 0 to 4,500 gallons/minute. In a preferred embodiment, the first fluidic 
material is pumped into the fluid passage 3080 at operating pressures and flow 
rates ranging from about 0 to 3,500 psi and 0 to 1,200 gallons/minute in order to 
optimally provide operating effldenqr. 

The first fluidic material pumped into the fluid passage 3080 passes through 
10 the fluid passages 3085, 3090, 3095. 3100, and 3105 and then outside of the 
apparatus 3000. The first fluidic material then preferably fills the annular region 
between the outside of the apparatus 3000 and the interior walls of the wellbore. 

Theplug 3230 is then introduced into the fluid passage 3080. The phig 3230 

lodges in the throat passage 3225 and fluidicly isolates and blocks off the fluid 
15 passageSlOO. Inapieferredembodiment,acoupleofvolume8ofanon-hardenable 
fluidic material are then pumped into the fluid passage 3080 in order to remove 
any hardenable fluidic material contained within and to ensure that none of the 
fluid passages are blocked. 

A second fluidic material is then pumped into the fluid passage 3080. The 
20 second fluidic material may comprise any number of conventional commercially 
available materials such as. for example, water, drilling gases, drilling mud or 
lubricant. Inapreferred embodiment, the secondfluidicmaterialcomprisesanon- 

hardenable fluidic material such as, for example, water, drilling mud, drilling 
gases, or hibricant in order to optimally provide pressurization of the pressure 

25 chambers 3175 and 3190. 

The second fluidic material may be pumped into the fluid passage 3080 at 
operatingpressures and flow rates ranging, for example, firom about 0 to 4.500 psi 
and 0 to 4.500 gallonsMnute. In a preferred embodiment, the second fluidic 
material is pumped into the fluid passage 3080 at operating pressures and flow 

30 rates ranging from about 0 to 3,500 psi and 0 to 1,200 gallonsAninute in order to 

optimally provide operational eflicienqr. 
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The second fluidic material piimped into the fluid passage 3080 passes 
through the fluid passages 3085, 3090, 3095, 3100 and into the pressure chambers 
3130 of the shps 3025, and into the pressure chambers 3175 and 3190. Continued 
pumping of the second fluidic material pressurizes the pressure chambers 3130, 
5 3175. and 3190. 

The pressurization of the pressure chambers 3130 causes the hydraulic slip 
members 3140 to expand in the radial direction and grip the interior surface of the 
casing 3075. The casing 3075 is then preferab^ maintained in a substantially 
stationaiy position. 

10 The pressurization of the pressure chambers 3175 and 3190 cause the first 
upper sealing head 3030, first outer sealing mandrel 3040, second upper sealing 
head 3050, second outer sealing mandrel 3060, and expansion cone 3070 to move 
in an axial direction relative to the casing 3075. In this manner, the expansion 
cone 3070 will cause the casing 3075 to expand in the radial direction, beginning 

15 with the lower end 3250 ofthe casing 3075. 

During the radial expansion process, the casing 3075 is prevented from 
moving in an upward direction by the slips 3025. A length ofthe casing 3075 is 
then expanded in the radial direction throu^ the pressurization ofthe pressure 
chambers 3175 and 3190. The length of the casing 3075 that is expanded during 

20 the expansion process wiU be proportional to the stroke length of the first upper 
sealing head 3030, first outer sealing mandrel 3040, second upper sealing head 
3050, and expansion cone 3070. 

Upon the completion of a stroke, the operatingpressure ofthe second fluidic 
material is reduced and the first upper sealing head 3030, first outer sealing 

25 ooandrol 3040, second upper sealinghead 3050, second outer sealing mandrel 3060, 
and expansion cone 3070 drop to their rest positions with the casing 3075 
supported by the expansion cone 3070. The reduction in the operatingpressure 
of the second fluidic material also causes the spring bias 3135 of the slips 3025 to 
pull the slip members 3140 away from the inside walls ofthe casmg 3075. 

30 The position of the drillpipe 3075 is preferably adjusted throughout the 

radial expansion process in order to maintain the overlapping relationship between 
the thin walled sections ofthe lower end ofthe existing wellbore casing and the 
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upper end of the casing 3235. In a preferred embodiment, the stroking of the 
expansion cone 3070 is then repeated, as necessary. untU the thin waUed section 
3240 of the upper end 3235 of the casing 3075 is expanded into the thin waUed 
section of the lower end of the existing weUbore casing. In this manner, a wellbore 
5 casing is formed including two adjacent sections of casing having a substantially 
. constantinsidediametcr. Thisprocessmaythenberepeatedfortheentiretyofthe 
weUbore to provide a weUbore casing thousands of feet in length having a 
substantially constant inside diameter. 

In a preferred embodiment, during the final stroke of the expansion cone 
10 3070. the slips 3025 are positioned as close as possible to the thin walled section 
3240 of the upper end 3235 of the casing 3075in order minimize sUppage between 

the casing 3075 and theexisting weUbore casing at the end of the radial expansion 
process. Alternatively, or in addition, the outside diameter of the upper annular 
sealiiigmember3245isselectedtoensure8ufficientinterferencefitwiththein8ide 
15 diameterofthelowerendoftheexistingcasingtopieventaxialdisplacementof 
the casing 3075 duringthe final stroke. Alternatively, or in addition, the outside 
diameter of the lower annular sealing member 3260 is selected to provide an 
interferencefitwiththeinsidewallsofthewenboreatanearlierpointintheradial 

expansion process so as to prevent further axial displacement of the casing 3075. 
20 In this final alternative, the interference fit is preferably selected to permit 
expansion of the casing 3075 by pulling the expansion cone 3070 out of the 
wellbore. without having to pressurize the pressure chambers 3175 and 3190. 

During the radial expansion process, the pressurized areas of the apparatus 
3000 are preferably limited to the fluid passages 3080. 3085. 3090. 3095. 3100. 
25 3110. 3115. 3120. the pressure chunbers 3130 within, the Slips 3025. and the 
pres^ chambers 3176 and 3190. No fluid pressure acts directly on the casing 
3075. This permits the use of operating pressures hi^cr than the casing 3075 
could normally withstand. 

Once the casing 3075 has been completely expanded off of the expansion 
30 cone 3070. the remaining portions of the apparatus 3000 are removed from the 
wellbore. In a preferred embodiment, the contact pressure between the deformed 
thin wall sections and compressible annular members of the lower end of the 
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existing casing and the upper end 3235 of the casing 3075 ranges from about 400 
to 10,000 psi in order to optimally support the casing 3075 using the existing 
wellbore casing. 

In this manner, the casing 3075 is radially expanded into contact with an 
5 existing section of casing by pressurizing the interior fluid passages 3080, 3085, 
3090, 3095, 3100, 3110, 3115, and 3120, the pressure chambers 3130 of the dips 
3025 and the pressure chambers 3175 and 3190 of the apparatus 3000. 

In a preferred embodiment, as required, the annular body of hardenable 
fluidic material is then cdlowed to cure to form a rigid outer annular body about 

10 the expanded casing 3075. In the case where the casing 3075 is slotted, the cured 
fluidic material preferably permeates and envelops the expanded casing 3075. The 
resulting new section of wellbore casing includes the expanded casing 3075 and the 
rigid outer annular body. The overlapping joint between the pre-existing wellbore 
casing and the expanded casing 3075 includes the deformed thin wall sections and 

15 the compressible outer annular bodies. The inner diameter of the resulting 
combined wellbore casings is substantially constant. In this manner, a mono- 
diameter wellbore casing is formed. This process of expandingoverlapping tubular 
members having thin wall end portions with compressible nnnnlflr bodies into 
contact can be repeated for the entire length of a wellbore. In this manner, a 

20 mono-diameter wellbore casing can be provided for thousands of feet in a 
subterranean formation. 

In a preferred embodiment, as the expansion cone 3070 nears the upper end 
3235 of the casing 3075, the operating flow rate of the second fluidic material is 
reduced in order to minimize shock to the apparatus 3000, In an alternative 

25 embodiment, the apparatus 3000 inchides a shock absorber for absorbing the shock 
created by the completion of the radial expansion of the casing 3075. 

In a preferred embodiment, the reduced operating pressure of the second 
fluidic material ranges from about 100 to 1,000 psi as the expansion cone 3070 
nears the end of the casing 3075 in order to optimally provide reduced axial 

30 movement and velocity of the expansion cone 3070. In a preferred embodiment, 
the operating pressure of the second fluidic material is reduced during the return 
stroke of the apparatus 3000 to the range of about 0 to 500 psi in order minimize 
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the resistance to the movement of the expansion cone 3070 during the return 
stroke. In a preferred embodiment, the stroke length of the apparatus 3000 ranges 
from about 10 to 45 feet in order to optimally provide equipment that can be easUy 
handled by typical oil weU rigging equipment and also minimize the frequenqr at 
5 which the ^paratus 3000 must be re-stroked. 

In an alternative embodiment, at least a portion of one or both of the upper 
sealing heads, 3030 and 3050, inchides an expansion cone for radially expanding 
the casing 3075 during operation of the apparatus 3000 in order to increase the 
surface area of the casing 3075 acted upon during the radial expansion process. 
10 In this manner, the operating pressures can be reduced. 

Alternatively, the apparatus 3000 may be used to join a first section of 
pipeline toanezistingsectionofpipeline. Alternatively, the apparatus 3000 may 
be used to direcUy line the interior of a weDbote with a casing, without the use of 
an outer annular layerofahardenablematerial. Alternatively, the apparatus 3000 
15 may be used to expand a tubular support member in a hole. 

Referring now to Figure 21, an apparatus 3330 for isolating subterranean 
zones willbe described. A wellbore 3305 including a casing 3310 are positioned in 
a subterranean formation 3315. The subterranean formation 3315 includes a 
number of productive and non-productive zones, including a water zone 3320 and 
20 a targeted oU sand zone 3325. Duringexplorationof the subterranean formation 
3315. the wellbore 3305 may be extended in a well known manner to traverse the 
varioM productive and non-productive zones, including the water zone 3320 and 

the targeted oil sand zone 3325. 

In apreferred embodiment, in order to fluidicly isolate the water zone 3320 

25 frem the targeted oil sand zone 3325. an apparatus 3330 is provided tirnt includes 
one or more sections of soUd casing 3335, one or more external seals 3340, one or 
more sections of slotted casing 3345. one or more intermediate sections of soUd 
casing 3350, and a solid shoe 3355. 

The soUd casing 3335 may provide a fluid conduit Oiat transmits fluids and 
30 other materials from one end of the soUd casing 3335 to the other end of the solid 
casing 3335. The solid casing 3335 may comprise any number of conventional 
commerciallyavailablesectionsofsoUd tubular casingsuchas.forexample.oimeld 
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tubulars fabricated from chromium steel or fiberglass. In a preferred embodiment, 
the solid casing 3335 comprises oilfield tubulars available tram various foreign and 
domestic steel mills. 

The solid casing 3335 is preferably coupled to the casing 3310, The solid 
5 casing 3335 may be coupled to the casing 3310 using any number of conventional 
commercially available processes such as, for example, welding, slotted and 
expandable connectors, or expandable solid connectors. In a preferred 
embodiment, the solid casing 3335 is coupled to the casing 3310 by using 
expandable solid connectors. The solid casing 3335 may comprise a plurality of 

10 such solid casings 3335. 

The solid casing 3335 is preferably coupled to one more of the slotted 
casings 3345. The solid casing 3335 may be coupled to the slotted casing 3345 
using any number of conventional commercially available processes such as, for 
example, welding, or slotted and expandable connectors. In a preferred 

15 embodiment, the sohd casing 3335 is coupled to the slotted casmg 3345 by 
expandable solid connectors. 

In a preferred embodiment, the casing 3335 indudes one more valve 
members 3360 for controlling the flow of fluids and other materials within the 
interior region of the casing 3335. In an alternative embodiment, during the * 

20 production mode of operation, an internal tubular string with various 
arrangements of packers, perforated tubing, sliding sleeves, and valves may be * 
employed within the apparatus to provide various options for commingling and 
isolating subterranean zones from each other while providing a fluid path to the 
surface. 

25 In a particularly preferred embodiment, the casing 3335 is placed into the 

wellbore 3305 by expanding the casing 3335 in the radial direction into intimate 
contact with the interior walls of the weUbore 3305. The casing 3335 may be 
expanded in the radial durection using any number of conventional commercially 
available methods. In a preferred embodiment, the casing 3335 is expanded in the 

30 radial direction using one or more of the processes and apparatus described within 
the present disclosure. 
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The seals 3340 prevent the passage of fluids and other materials within the 
annular region 3365 between the solid casings 3335 and 3350 and the wellbore 
3305. The seaJs 3340 may comprise any number of conventional conunerdaDy 
available sealing materials suitable for sealing a casing in a wellbore such as. for 
5 example, lead, rubber or epoxy. In a preferred embodiment, the seals 3340 
comprise Stratalok epoxy material available from Halliburton Energy Services. 
The slotted casing 3345 permits fluids and other materials to pass into and 

out of the interior of the slotted casing 3345 from and to the annular region 3365. 
In this manner, oU and gas may be produced from a producing subterranean zone 
10 within a subterranean formation. The slotted casing 3346 may comprise any 
number of conventional commercially available sectionsof Blotted tubular casing. 

In a preferred embodiment, the slotted casing 3345 comprises expandable stotted 
tubularcasingavailablefromPetrolineinAbeerdeen, Scotland. In a particularly 
preferred embodiment, the slotted casmg 145 comprises expandable slotted 

15 sandscreen tubular castog available bom Petroline in Abeerdeen, Scotland. 

The slotted casing 3345 is preferably coupled to one or more soUd casing 
3335. The8lottedcasing3345maybecoupledtotbe8olidca8ing3335u8ingany 
number of conventional commercially available processes such as, for example, 
welding, or slotted or sohd expandable connectors. In a preferred embodiment, 

20 the slotled casing 3345 is coupled to the solid casing 3335 by expandable soUd 
connectors. 

The slotted casing 3345 is preferably coupled to one or more intermediate 
BoUd casings 3350. The dotted casing 3346 may be coupled to the intermediate 
solid casing 3350 using any number of conventional commercially available 
25 processes such as. for example, welding or expandable soUd or slotted comiectors. 
In apreferred embodiment, the slotted casmg3345iscoupled to the intermediate 

solid casing 3350 by expandable soUd connectors. 

Thelastsectionofslottedcasing3345i8preferably coupled to the shoe 3355. 

The last slotted casing 3345 may be coupled to the shoe 3355 using any number 
30 of conventional commercially available processes such as. for example, welding or 
expandable solidor5lottedconnectors.Inapreferred embodiment, thelast slotted 

casing 3345 is coupled to the shoe 3355 by an expandable soUd connector. 
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In an alternative embodiment, the shoe 3355 is coupled directly to the last 
one of the intermediate solid casings 3350. 

In a preferred embodiment, the slotted casings 3345 are positioned within 
the wellbore 3305 by expanding the slotted casings 3345 in a radial direction into 
5 intimate contact with the interior walls of the wellbore 3305. The slotted casings 
3345 may be eiq^anded in a radial direction using any number of conventional 
commercially available processes. In a preferred embodiment, the slotted casings 
3345 are expanded in the radial direction using one or more of the processes and 
apparatus disclosed in the present disclosure with reference to Figures 14a-20. 

10 The intermediate solid casing 3350 permits fluids and other materials to 

pass between ac|jacent slotted casings 3345. The intermediate solid casing 3350 
may comprise any number of conventional commercially available sections of solid 
tubular casing such as, for example, oilfield tubulars fabricated from chromium 
steel or fiberglass. In a preferred embodiment, the intermediate solid casing 3350 

15 comprises oilfield tubulars available from foreign and domestic steel mills. 

The intermediate solid cfising 3350 is preferably coupled to one or more 
sections of the slotted casing 3345. The intermediate solid casing 3350 may be 
coupled to the slotted casing 3345 using any number of conventional commercially 
available processes such as, for example, welding, or solid or slotted expandable 

20 connectors; In a preferred embodiment, the intermediate solid casing 3350 is 
coupled to the slotted casing 3345 by expandable solid connectors. The 
intermediate solid casing 3350 may comprise a plurality of such intermediate solid 
casing 3350. 

In apreferred embodiment, each intermediate solid cafiing3350 includes one 
25 more va^ve members 3370 for controlling the flow of fluids and other materials 
within the interior region of the intermediate casing 3350. In an alternative 
embodiment, as will be recognized by persons having ordinary skill in the art and 
the benefit of the present disclosure, during the production mode of operation, an 
internal tubular string with various arrangements of packers, perforated tubing, 
30 sliding sleeves, and valves may be employed within the apparatus to provide 
various options for commingling and isolating subterranean zones from each other 
while providing a fluid path to the surface. 
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In a particularly preferred embodiment, the intermediate casing 3350 is 
placed into the welibore 3305 by expanding the intermediate casing 3350 in the 
radial direction into intimate contact with the interior walls of the weUbore 3305. 
The intermediate casing 3350 may be expanded in the radial direction using any 
5 number of conventional commercially available methods. 

In an alternative embodiment, one or more of the intermediate solid casings 
3350may be omitted. In an alternative preferred embodiment, one or mote of the 
slotted casings 3345 are provided with one or more seals 3340. 

The shoe 3355 provides a support member for the apparatus 3330. In this 
10 manner, various production and exploration tools may be supported by the show 

3350. The shoe 3350 may comprise any number of conventional commercially 
avaflable shoes suitable for use in a welibore such as, for example, cement filled 
shoe, or an aluminum or composite shoe. In a preferred embodiment, the shoe 
3350 comprises an aluminum shoe available from HalUburton. In a preferred 
15 embodhnent. the shoe 3355 is selected to provide sufficient strength in 
compression and tension to p«init the use of high capacity production and 
exploration tools. 

In a particularly preferred embodiment, the apparatus 3330 includes a 
pluraUty of soUd casings 3335. a plurality of seals 3340. a plurality of slotted 
20 casings3345.apluralityofintermediatesolidcasings3360.andashoe3355. More 

generally, the apparatus 3330 may comprise one or more soUd casings 3335, each 
with one or more vaWe members 3360. n slotted casings 3345. n-l intermediate 
soUd casings 3350, each with one or more valve members 3370, and a shoe 3355. 
During operation of the apparatus 3330. oU and gas may be controllably 
25 producedlh>mthetargetedoil8andzone3325usingtheslottedcasings3345.The 

oil and gas may then be transported to a surface location using the «.Ud casing 
3336. Theuseofintermediate8oUdcasings3350withvalvemembers3370permits 
isolated sections of the zone 3325 to be selectively isolated for producUon. The 
seals 3340 permit the zone 3325 to be fluidicly isolated from the zone 3320. The 
30 seals3340 further permits isolated sections of the zone 3325 to be fluidicly isolated 
from each other. In this manner, the apparatus 3330 permits unwanted and/or 
non-productive subterranean zones to be fluidicly isolated. 
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In an alternative embodiment, as will be recognized by persons having 
ordinary skill in the art and also having the benefit of the present disclosure, 
during the production mode of operation, an internal tubular string with various 
arrangements of packers, perforated tubing, sliding sleeves, and valves may be 
5 employed within the apparatus to provide various options for conuningling and 
isolating subterranean zones from each other while providing a fluid path to the 
surface. 

Referring to Figures 22a, 22b, 22c and 22d, an embodiment of an apparatus 
3500 for forming a wellbore casing while drilling a wellbore will now be described. 

10 In a preferred embodiment, the apparatus 3500 includes a support member 3505, 
a mandrel 3510, a mandrel launcher 3515, a shoe 3520, a tubular member 3525, 
a mud motor 3530, a drill bit 3535, a first fluid passage 3540, a second fluid 
passage 3545, a pressure chamber 3550, a third fluid passage 3555, a cup seal 3560, 
a body of lubricant 3565, seals 3570, and a releasable coupling 3600. 

15 The support member 3505 is coupled to the mandrel 3510. The support 

member 3505 preferably comprises an annular member having suflicient strength 
to cany and support the apparatus 3500 within the wellbore 3575, In a preferred 
embodiment, the support member 3505 further includes one or more conventional 
centralizers (not illustrated) to help stabili2e the apparatus 3500. 

20 The support member 3505 may comprise one or more sections of 

conventional commerdallyavailable tubular materials such as, for example, oilfleld 
country tubular goods, low alloy steel, stainless steel or carbon steeL In a 
preferred embodiment, the support member 3505 comprises coiled tubing or 
driUpipe m order to optimally permit the placement of the apparatus 3500 within 

25 a non-vertical wellbore. 

In a preferred embodiment, the support member 3505 includes a first fluid 
passage 3540 for conveying fluidic materials from a surfoce location to the fluid 
passage 3545. In a preferred embodiment, the first fluid passage 3540 is adapted 
to convey fluidic materials such as water, drilling mud, cement, epoxy or slag mix 

30 at operating pressures and flow rates ranging from about 0 to 10,000 psi and 0 to 
3,000 gaUons/minute. 
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The mandrel 3510 is coupled to and supported by the support member 3505. 
The mandrel 3510 is also coupled to and supports the mandrel launcher 3515 and 
tubular member 3525. The mandrel 3610 is preferably adapted to controllably 
expand in a radial direction. The mandrel 3510 may comprise any number of 
5 conventional commercially availably mandrels modified in accordance with the 
teachings of the present disclosure. In a preferred embodiment, the mandrel 3610 
comprisesahydraulic expansion toolas disclosed in U.S.PatentNo. 5,348.095. the 
contents of which are incorporated herein by reference, modified in accordance 
with the teachings of the present disclosure. 
10 In a preferred embodiment, the mandrel 3510 inchides one or more conical 
sections for CTpp^'^i^e the tubular member 3525 m the radial direction. In a 
preferred embodiment, the outer surfaces of the conical sections of the mandrel 
3510 have a surface hardness ranging feom about 58 to 62 Rockwell C in order to 
optimally radially expand the tubular member 3525. 
15 In a preferred embodiment, the mandrel 3510 inchides a second fluid 

passage 3545 fluididy coupled to the first fluid passage 3540 and the pressure 
chamber 3650 for conv^g fluidic materials fiwm the first fluid passage 3640 to 
the pressure chamber 3650. In a preferred embodiment, the second fluid passage 
3545 is adapted to conv^ fluidic materials such as water, drilling mud, cement, 
20 cpoxy or shig mix at operating pressures and flow rates ranging from about 0 to 
12,000 psi and 0 to 3.600 gallonatoute in order to optimally provide operating 
pressure for efficient opo^iion. 

The mandrel launcher 3515 is coupled to the tubular member 3525. the 
mandrel 3510, and the shoe 3520. The mandrel launcher 3515 preferably 
25 comprises a tapered annular member that mates with at a portion of at least one 
oftheconicalportionsoftheoutersuriiBceofthe mandrel 3510. Inapreferred 
embodiment, the wall thickness of the mandrel launcher is less than the wall 
thickness of the tubular member 3525 in order to faciUtate the initiation of the 
radial expansion process and facflitate the placement of the apparatus in openings 
30 having tight clearances. In a preferred embodiment, tiie wall thickness of the 
mandrel launcher 3516ranges from abouteo to 100%of the wall thickness of the 

tubular member 3525 immediately adjacent to the mandrellauncher 3515 inorder 
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to optimally faciliate the radial expansion process and facilitate the insertion of the 
apparatus 3500 into weUbore casings and other areas with tight clearances. 

The mandrel launcher 3515 may be fabricated from any nimiber of 
conventional commercially available materials such as, for example, oiliield 
5 country tubular goods, low alloy steel, carbon steel or stainless steel. In a 
preferred embodiment, the mandrel launcher 3515 is fabricated from oilfield 
country tubular goods of higher strength by lower wall thickness than the tubular 
member 3525 in order to optimally provide a smaller container having 
approximately the same burst strength as the tubular member 3525. 

10 The shoe 3520 is coupled to the mandrel launcher 3515 and the releasable 

coupling 3600. The shoe 3520 preferably comprises a substantially annular 
member. In a preferred embodiment, the shoe 3520 or the releasable coupling 
3600 include a third fluid passage 3565 fluidicly coupled to the pressure chamber 
3550 and the mud motor 3530. 

15 The shoe 3520 may comprise any number of conventional commercially 

available shoes such as, for example^ cement filled^ aluminum or composite 
modified in accordance with the teachings of the present disclosure. In a preferred 
embodiment, the shoe 3520 comprises a high strength shoe having a burst strength 
approximately equal to the burst strength of the tubular member 3525 and 

20 mandrel launcher 3515. The shoe 3520 is preferabty coupled to the mud motor 
3520 by a releasable coupling 3600 in order to optimally provide for removal of the 
mud motor 3530 and drill nit 3535 upon the completion of a drilling and casing 
operation. 

In a preferred embodiment, the shoe 3520 includes a releasable latch 
25 mechanism 3600 for retrieving and removing the mud motor 3530 and drill bit 
. 3535 upon the completion of the drilling and casing formation operations. In a 
preferred embodiment, the shoe 3520 further includes an anti-rotation device for 
maintaining the shoe 3520 in a substantially stationary rotational position during 
operation of the apparatus 3500. In a preferred embodiment, the releasable latch 
30 mechanism 3600 is releasably coupled to the shoe 3520. 

The tubular member 3525 is supported by and coupled to the mandrel 35 10. 
The tubular member 3525 is expanded in the radial direction and extruded off of 
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the mandrel 3510. The tubular member 3525 may be fabricated from any number 
of conventional commcTdally avaUable materials such as, for example, Oilfield 
Country Tubular Goods (OCTG), 13 chromium steel tubing^casing, automotive 
grade steel, or plastic tubing/casing. In a preferred embodiment, the tubular 
5 member 3525 is fabricated firom OCTG in order to maximize strength after 
expansion. The inner and outerdiameters of the tubular member 3525 may range, 
for example, from approximately 0.75 to 47 inches and 1.05 to 48 inches, 
respectively. In a preferred embodiment, the inner and outer diameters of the 
tubular member 3525 range from about 3 to 15.5 inches and 3.5 to 16 inches, 
10 respectively in order to optimally provide minimal telescoping effect in the most 
commonly drilled wellbore sizes. The tubular member 3525 preferably comprises 
an annular member with solid walls. 

In a preferred embodiment, the upper end portion 3580 of the tubuhur 
member 3525 is slotted, perforated, or otherwise modified to catch or slow down 
15 the mandrel 3510 when the mandrel 3510 completes the extrusion of tubular 
member 3525. For typical tubttlar member 3526 materials, the length of the 
tubular member 3525 is preferably limited to between about 40 to 20,000 feet in 
length. The tubular member 3525 may comprise a sin^e tubular member or, 
alternatively, a plurality of tubular members coupled to one another. 
20 Themudmotor3530iscoupledtotheshoe3520andthedrillbit3535. The 

mud motor 3530 is also fluididy coupled to the Huid passage 3555. In a preferred 
embodiment, the mud motor 3530 is driven by fluidic materials such as, for 
example, drillingmud,water.cement,epoxy,lubricants or slagmixconveyed from 

the fluid passage 3555 to the mud motor 3530. In this manner, the mud motor 
25 3530drive8thedrillbit3535. The operating pressures and floW rates for operating 
mud motor 3530 may range, for example, from about 0 to 12,000 psi and 0 to 
10,000 gallons/minute. In a preferred embodunent, the operating pressures and 
flow rates for operating mud motor 3530 range from about 0 to 5.000 psi and 40 
to 3,000 gallons/minute. 
30 The mud motor 3530 may comprise any number of conventional 

commercially available mud motors, modified in accordance with the teachings of 
thepresentdisdosure. In a preferred embodiment, the size ofthe mud motor 3520 
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and drill bit 3535 are selected to pass through the interior of the shoe 3520 and the 
expanded tubular member 3525. In this manner, the mud motor 3520 and drill bit 
3535 may be retrieved from the downhole location \ipon the conclusion of the 
drilling and casing operations. 
5 The drill bit 3535 is coupled to the mud motor 3530. The drill bit 3535 is 

preferably adapted to be powered by the mud motor 3530. In this manner, the 
drill bit 3535 drills out new sections of the wellbore 3575. 

The drill bit 3535 may comprise any ntmiber of conventional commercially 
available driD bits, modified in accordance with the teachings of the present 

10 disclosure. In a preferred embodiment, the size of the mud motor 3520 and drill 
bit 3535 are selected to pass through the interior of the shoe 3520 and the 
expanded tubular member 3525. In this manner, the mud motor 3520 and drill bit 
3535 may be retrieved from the downhole location upon the conclusion of the 
drilling and casing operations. In several alternative preferred embodiments, the 

15 drill bit 3535 comprises an eccentric drill bit, a bi-centered drill bit, or a small 
diameter drill bit with an hydraulically actuated under reamer. 

The first fluid passage 3540 permits fluidic materials to be transported to 
the second fluid passage 3545, the pressure chamber 3550, the third fluid passage 
3555, and the mud motor 3530. The first fluid passage 3540 is coupled to and 

20 positioned within the support member 3505. The first fluid passage 3540 
preferably extends from a position adjacent to the surfkce to the second fluid 
passage 3545 within the mandrel 3510. The first fluid passage 3540 is preferably 
positioned along a oenterline of the apparatus 3500. 

The second fluid passage 3545 permits fluidic materials to be oonv^ed from 

25 the first fluid passage 3540 to the pressure chamber 3550, the third fluid passage 
3555, and the mud motor 3530. The second fluid passage 3545 is coupled to and 
positioned within the mandrel 3510. The second fluid passage 3545 preferably 
extends from a position adjacent to the first fluid passage 3540 to the bottom of the 
mandrel3510. The second fluid passage 3545 is preferably positioned substantial]^ 

30 along the oenterline ofthe apparatus 3500. 

The pressure chamber 3550 permits fluidic materials to be conveyed from 
the second fluid passage 3545 to the third fluid passage 3555, and the mud motor 
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3530. The pressure chamber is preferably defined by the region below the mandrel 
35 1 0 and within the tubular member 3525, mandrel launcher 351 5. shoe 3520, and 
releasable couphng 3600. During operation of the apparatus 3500, pressurization 
of the pressure chamber 3550 preferably causes the tubular member 3525 to be 
5 extruded off of the mandrel 3510. 

The third fluid passage 3655 permits fluidic materials to be conveyed from 
thepiessurechamber3550tothemudmotor3530. The third fluid passage 3555 
niay be coupled to andpositioned within the8hoe3520orreleasablecoupling3600. 

The third fluid passage 3555 preferably extends from a position adjacent to the 
10 pressurechamber3550tothebottomofthc8hoe3520orreleaBablecoupling3600. 
The third fluid passage 3555 is preferably positioned substantially along the 

centerline of the apparatus 3500. 

The fluid passages 3540. 3545, and 3555 are preferably selected to conv^ 
materials such as cement, drilling mud or epories at flow rates and pressures 

15 ranging from about 0 to 3,000 gallona^minute and 0 to 9.000 psi in order to 
optimally operational ef!iciengr> 

The cup seal 3560 is coupled to and supported by the outer surfiace of the 
Bupportmember3505. The cup seal 3560 prevents foreign materials from entering 
theinteriorregionofthetubularmember3625. The cup seal 3560 may comprise 

20 anynumberofconventionalcommerciallyavaa«blecupseals8uchas.forexample, 
TP cups or SIP cups modified in accordance with the teachings of the present 
disclosure. In a preferred embodiment, the cup seal 3560 comprises a SIP cup, 
available from Hamburton Energy Services in Dallas. TX in order to optimaUy 
blockthe entiyofforeign materials and containabodyoflubricant-Inapreferred 

25 embodiment. theapparatus3500indudesaphir^tyof8uchcupsealsinorderto 
optimally prevent the entry of foreign material into the interior region of the 
tubular member 3525 in the vidnily of the mandrel 3510. 

In a preferred embodiment, a quantity of lubricant 3565 is provided in the 
amiular region above themandrel3510withm the interiorof the tubularmember 

30 3525. In this manner, the extrusion of the tubular member 3525 off of the 
mandrel 3510 is facilitated. The lubricant 3565 may comprise any number of 
conventional commerciaUy available lubricants such as. for example. Lubriplate. 
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chlorine based lubricants, oil based lubricants or Climax 1500 Antisieze (3100). 
In a preferred embodiment, the lubricant 3565 comprises Climax 1500 Antisieze 
(3100) available from Climax Lubricants and Equipment Co. in Hoxiston, TX in 
order to optimally provide optimum lubrication to faciliate the expansion process. 
5 The seals 3570 are coupled to and supported by the end portion 3580 of the 

tubular member 3526. The seals 3570 are further positioned on an outer surface 
of the end portion 3580 of the tubular member 3525. The seals 3570 permit the 
overlapping joint between the lower end portion 3585 of a preexisting section of 
casing 3590 and the end portion 3580 of the tubular member 3525 to be fluididy 

10 sealed. The seals 3570 may comprise any nxunber of conventional commercially 
available seals such as, for example, lead, rubber. Teflon, or epoxy seals modified 
in accordance with the teachings of the present disclosure. In a preferred 
embodiment, the seals 3570 are molded from Stratalock epoxy available from 
Halliburton Energy Services in Dallas, TX in order to optimally provide a load 

15 bearing interference fit between the end 3580 of the tubxilar member 3525 and the 
end 3585 of the pre-existing casing 3590. 

In a preferred embodiment, the seals 3570 are selected to optimally provide 
a sufficient frictional force to support the expanded tubular member 3525 from the 
pre-existing casing 3590. In a preferred embodiment, the frictional force optimally 

20 provided by the seals 3570 ranges from about 1,000 to 1,000,000 Ibf in order to 
optimally support the expanded tubular member 3525. 

The releasable coupling 3600 is preferably releasably coupled to the bottom 
of the shoe 3520. In a preferred embodiment, the releasable coupling 3600 
includes fluidic seals for sealing the interface between the releasable coupling3600 

25 and the shoe 3520. In this manner, the pressure chamber 3550 may be 
pressurized. The releasable coupling 3600 may comprise any ntimber of 
conventional commercially available releasable couplings suitable for drilling 
operations modified in accordance with the teachings of the present disclosure. 
As iUustrated in Figure 22A, during operation of the apparatus 3500, the 

30 apparatus 3500 is preferably initiaUy positioned within a preexisting section of a 
wellbore 3575 including a preexisting section of wellbore casing 3590. In a 
preferred embodiment, the upper end portion 3580 of the tubular member 3525 is 
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positioned in an overlapping relationship with the lower end 3585 of the 
preexistingsection of casing 3590. In a preferred embodiment, the apparatus 3500 
is initiaUy positioned in the weUbore 3575 with the driDbit 353 in contact with the 

bottom of the wellbore 3675. During the initial placement of the apparatus 3500 
5 in the wellbore 3575, the tubular member 3525 is preferably supported by the 
mandrel 3510. 

As illustrated in Figure 22B, a fluidic material 3595 is then pumped into the 
first fluid passage 3540. The fluidic material 3695 is preferably conveyed from the 
first fhiid passage 3540 to the second fluid passage 3545, the pressure chamber 
10 3550.thethiidfluidpas8age3555andtheinlettothemudmotor3530. Thefluidic 
material 3595 may comprise any number of conventional commercially available 
fluidic materials such as. for example, drilling mud. water, cement, epozy or slag 
mix. Thefluidicmaterial3596maybepumpedintothefir8tfluidpas8age3540at 

operatingpressures and flowrates ranging, for example, tcom about 0 to9,000 pa 
15 and 0 to 3.000 gallons/minute. 

The fluidic material 3595 wiU enter the inlet for the mud motor 3530 and 
drivethemudmotor3530. The fluidic material 3595 will then exit the mud motor 
3530 and enter the annular region surrounding the apparatus 3600 within the 
weUbore 3575. The mud motor 3530 will in tarn drive the drill bit 3535. The 
20 operation of the drill bit 3535 will drill out a new section of the wellbore 3575. 

In the case where the fluidic material 3595 comprises a hardenable fluidic 
material, the fluidic material 3595 preferably is pennittcd to cure and form an 
outer annular body surrounding the periphery of the expanded tubular member 
3525. Alternatively, in the case where the fluidic material 3595 is a non- 
25 hardenablefluidicmaterial,thetubularmember3595preferablyisexpandedinto 

intimatecontact with the h»teriorwallsofthewellbore3575. In this manner, an 
outer annular body is not provided in all appUcations. 

As illustrated in Figure 22C. at some point during operation of the mud 
motor 3530 and drill bit 3535, the pressure drop across the mud motor 3530 will 
30 createsuffidentbackpressuretocausetheoperatingpressurewithinthepressure 
chamber 3550 to elevate to tbepressure necessary to extrude the tuhularmember 

3525 offof the mandrel 3510. The elevation of the operating pressure within the 
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pressure chamber 3550 will then cause the tubular member 3625 to extrude off of 
the mandrel 3510 as illustrated in Figure 22D. For typical tubular members 3525, 
the necessary operating pressure may range, for example, from about 1,000 to 
9»000 psi. In this manner, a wellbore casing is formed simultaneous with the 
5 drilling out of a new section of wellbore. 

In a particularly preferred embodiment, diuing the operation of the 
apparatus 3500, the apparatus 3500 is lowered into the wellbore 3575 until the 
drill bit 3535 is proximate the bottom of the wellbore 3575. Throughout this 
process, the tubular member 3525 is preferably supported by the mandrel 3510. 

10 The apparatus 3500 is then lowered until the drill bit 3535 is placed in contact 
with the bottom of the wellbore 3575. At this point, at least a portion of the weight 
of the tubular member 3525 is supported by the drill bit 3535. 

The fhiidic material 3595 is then pumped into the first fluid passage 3540, 
second fluid passage 3545, pressure chamber 3550, third fluid passage 3555, and 

15 the inlet ofthe mud motor 3530. The mud motor 3530 then drives the drill bit 
3535 to drill out a new section oftheweUbore 3575. Once the difTerential pressure 
across the mud motor 3530 exceeds the minimum extrusion pressure for the 
tubular member 3525, the tubular member 3525 begins to extrude off of the 
mandrel 3510. As the tubular member 3525 is extruded off of the mandrel 3510, 

20 the weight of the extruded portion ofthe tubular member 3525 is transferred to 
and supported by the drill bit 3535. In a preferred embodiment, the pumping 
pressure of the fluidic material 3595 is maintained substantially constant 
throughout this process. At some point during the process of extruding the 
tubular member 3525 off of the mandrel 3510, a sufficient portion ofthe weight of 

25 the tubular member 3525 is transferred to the driU bit 31535 to stop the extnia 
process due to the opposing force. Continued drilling by the driD bit 3535 
eventually transfers a sufficient portion of the wei^^it ofthe extruded portion of 
the tubular member 3525 back to the mandrel 3510. At this point, the extrusion 
of the tubular member 3525 off of the mandrel 3510 continues. In this manner, 

30 the support member 3505 never has to be moved and no diiflpipe connections have 
to he made at the surface since the new section of the wellbore casing within the 
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newly drilled section of weUbore is created by the conBtant downward feeding of 
the expanded tubular member 3525 off of the mandrel 3510. 

Once the new section of wellbore that is lined with the fully expanded 
tubular member 3525 is completed, the support member 3605 and mandrel 3610 

5 are removed from the weflbore 3575. The drilling assembly including the mud 
motor 3530 and drill bit 3535 are then preferably removed by lowering a drillstring 
into the new section of wellbore casing and retrieving the drilling assembly by 
using the Utch 3600. The expanded tubular member 3526 is then cemented using 
conventional squeeze cementing methods to provide a solid annular sealing 

10 member around the periphery of the expanded tubular member 3525. 

Alternatively, the apparatus 3500 may be used to repair or form an 
underground pipeline or fonn a support member for a structure. In several 
preferred alternative embodiments, the teachings of the apparatus 3500 are 
combined with the teachings of the embodiments illustrated in Figures 1-21. For 

15 example, by operably coupling the mud motor 3530 and drill bit 3535 to the 
pressure chambers used to cause the radial expansion of the tubular membere of 
theembodiments illustrated anddescribedwithreference to Figuresl.21, the use 

of plugs may be eliminated and radial expansion of tubular membere can be 
combined with the drilling out of new sections of wellbore. 
20 A method of creating a casing in a borehole located in a subterranean 
formaUonbasbeen described thatincludesinstaUingatubular liner andamandrel 
in the borehole. A body of fluidic material is then iiuectedmto the borehole. The 
tubular liner is then radially expanded by extruding the liner off of the mandreL 
The injecting preferably faichides injecting a hardenable fluidic sealing material 

25 into an annular region located between the borehole and the exterior of the 
tubular liner; and a non hardenable fluidic material into an interior region of the 
tubular liner below the mandreL The method preferably includes fluidicly 
isolating the annular region from the interior region before injecting the second 
quantity of the non hardenable sealing material into the interior region. The 

30 injectmg the hardenable fluidic sealing material is preferably provided at 
operatingpressuresand flow ratesrangingfromaboutOto 5000 psiandOto 1.500 

gallons/min. The injecting of the non hardenable fluidic material is preferably 
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provided at operating pressures and flow rates ranging from about 500 to 9000 psi 
and 40 to 3,000 gallons/min. The injecting of the non hardenable iluidic material 
is preferably provided at reduced operating pressures and flow rates during an end 
portion of the extruding. The non hardenable fluidic material is preferabfy 
5 injected below the mandrel. The method preferably includes pressurizing a region 
of the tubular liner below the mandrel. The region of the tubular liner below the 
mandrel is preferably pres5uri2ed to pressures ranging from about 500 to 9,000 psi. 
The method preferably includes fluidicly isolating an interior region of the tubular 
liner from an exterior region of the tubular liner. The method further preferably 

10 includes curing the hardenable sealing material, and removing at least a portion 
of the cured sealing material located within the tubular liner. The method further 
preferably includes overlapping the tubular liner with an existing wellborn casing. 
The method further preferably includes sealing the overlap between the tubular 
liner and the existing wellbore casing. The method further preferably includes 

15 supporting the extruded tubular liner using the overlap with th a willing lypHbor^ 
casing. The method further preferably includes testing the integrity of the seal in 
the overlap between the tubular liner and the ^ ff tj ^^ g wellbore casing. The 
method further preferably includes removing at least a portion of the hardenable 
fluidic sealing material within the tubular liner before curing. The method further 

20 preferably includes lubricating the surface of the mandrel. The method further 
preferably includes absorbmg shock. The method further preferably includes 
catching the mandrel upon the completion of the extruding. 

An apparatus for creating a casing in a borehole located in a subterranean 
formation has been described that includes a support member, a mandrel, a 

25 tubular member, and a shoe. The support member includes a first fluid passage. 
The mandrel is coupled to the support member and includes a second fluid 
passage. The tubxxlar member is coupled to the mandrel. The shoe is coupled to 
the tubular liner and includes a third fluid passage. The first, second and third 
fluid passages are operably coupled. The support member preferably further 

30 includes a pressure relief passage, and a flow control valve coupled to the fu^t 
flxiid passage and the pressure relief passage. The support member further 
preferably includes a shock absorber. The support member preferably includes one 
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or more sealing membere adapted to prevent foreign material from entering an 
interior region of the tubular member. The mandrel is preferably expandable. 
The tubular member is preferably fabricated from materials selected from the 
group consisting of Oilfield Countiy Tubular Goods, 13 chronuum steel 
5 tubing/casing, and plastic casing. The tubular member preferably has inner and 
outer diameters ranging from about 3 to 15.5 inches and 3.5 to 16 inches, 
respectively. The tubular member preferably hasaplastic yield point ranging from 

about 40,000 to 135,000 psi. The tubular member preferably includes oneor more 
sealing members at an end portion. The tubular member preferably includes one 
10 or more pressure reUef holes at an end portion. The tubular member preferably 
includes a catching member at an end portion for alowingdown the mandrel. The 
shoe preferably includes an inlet port coupled to the third fluid passage, the inlet 
port adapted to receive a plug for blocking the inlet port. The shoe preferably is 
drillable. 

15 Amethodofjoiningasecondtttbuhurmembertoafirsttubularmember.the 
first tubular member having an inner diameter greater than an outer diameter of 
the second tubular member, has been described that includes positioning a 
mandrel within an interior region of the second tubular member, positioning the 
first and second tubular members in an overlapping relationship, pressurizing a 

20 portion of the interior region of the second tubular member, and extruding the 
second tubular member off of the mandrel into engagement with the first tubular 
member. The pressurizing of the portion of the interior region of the second 
tubular member is preferably provided at operatingpressuresranging from about 

500 to 9,000 psi. The pressurizing of the portion of the interior region of the 
25 second tubular member is preferably provided at reduced operating pressures 
duringa Utter portion of the extruding. The method furtito preferably includes 
sealing the overlap between the first and second taibuUir members. The method 
furtiierpreferablyincludessupportingtheextrudedfirsttubularmemberusingthe 
overlap with the second tubularmember. The method further preferably includes 

30 lubricating the surface of the mandreL The method fiirther preferably includes 
absorbing shock. 
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A liner for use in creating a new section of wellbore casing in a subterranean 
formation adjacent to an already existing section of wellbore casing has been 
described that includes an annular member. The annular member includes one 
or more sealing members at an end portion of the annular member, and one or 
5 more pressure relief passages at an end portion of the annular member. 

A wellbore casing has been described that includes a tubular liner and an 
annular body of a cured fluidic sealing material. The tubular liner is formed by the 
process of extruding the tubtilar liner off of a mandrel. The tubular liner is 
preferably formed by the process of placing the tubular liner and mandrel within 

10 the wellbore, and pressurizing an interior portion of the tubular liner. The 
annular body of the cured fluidic sealing material is preferably formed by the 
process of injecting a body of hardenable fluidic sealing material into an anntilar 
region external of the tubular liner. During the pressuri2dng, the intmor portion 
of the tubular liner is preferably fluidicly isolated ftx)m an exterior portion of the 

15 tubular liner. The interior portion of the tubular liner is preferably pressurized 
to pressures ranging from about 500 to 9,000 psi. The tubular liner preferably 
overlaps with an existing wellbore casing. The wellbore casing preferably further 
includes a seal positioned in the overlap between the tubular liner and the existing 
weUbore casing. Tubular liner is preferably supported the overlap with the 

20 existing wellbore casing. 

A method of repairing an existing section of a weUbore casing within a 
borehole has been described that includes installing a tubvdar liner and a mandrel 
within the wellbore casing, injecting a body of a fluidic material into the borehole, 
pressurizing a portion of an interior region of the tubular liner, and radially 

25 expandingthelinerintheboreholeby extruding the liner off of the mandrel. In 
a preferred embodiment, the fluidic material is selected from the group consisting 
of slag mix, cement, drilling mud, and epoxy. In a preferred embodiment, the 
method further includes fluidicly isolating an interior region of the tubular liner 
from an exterior region of the tubiidar liner. In a preferred embodiment, the 

30 injecting of the body of fluidic material is provided at operating pressures and flow 
rates ranging from about 500 to 9,000 psi and 40 to 3,000 gaUons/min. In a 
preferred embodiment, the ii\jecting of the body of fluidic material is provided at 
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reduced operating pressures and flow rates during an end portion of the extruding. 
In a preferred embodiment, the fluidic material is injected below the mandrel. In 
a preferred embodiment, a region of the tubular liner below the mandrel is 
pressuriaed. In a preferred embodiment, the region of the tubular liner below the 
5 mandrel is pressurized to pressures ranging from about 500 to 9,000 psi. In a 
preferred embodiment, the method fiurther includes overiapping the tubular liner 
with the existing wellbore casing. In a preferred embodiment, the method further 
includes sealing the interface between the tubular liner and the existing wellbore 
casing. In a preferred embodiment, the method further includes supporting the 
10 extruded tubular liner usmg the existing wellbore casing. In a preferred 
embodiment, the method fijrther inchides testing the integrity of the seal m the 
interface between the tubular liner and the existing wdlbore easing. In a preferred 
embodiment, method fiirthcr includes hibricating the surfece of the mandrel. In 
a preferred embodiment, the method further includes sibsorbing shock. In a 
15 preferred embodiment, themethod fUrther tndudescatdiingthemandrel upon the 
completion of the extruding. In a preferred embodiment, the method ftuther 
includes expanding the mandrd in a radial direction. 

A tie-back liner for lining an existing wellbore casing has been described 
that mchides a tubular Uncr and an annular body of a cured fluidic sealing 
20 material. The tubular liner is formed by the process of extruding the tubular liner 
off of a mandrel. The annular body of a cured fluidic sealing material is coupled 
to the tubular liner. In a preferred embodiment, thetubularliner is formed by the 
process of placing the tabular liner and mandrel within the wellbore, and 
pressurizing an interior portion of the tubular liner. In a preferred embodiment, 
25 duringthepressurizing,theinteriorportionofthetubuhirlinerisfluidiclyisolated 
from an exterior portion of the tubular liner. In a preferred embodiment, the 
interior portion of the tabular liner ispressurized at pressures nmgingfromabout 
500 to 9,000 psi. In a preferred embodiment, the annular body of a cured fluidic 
sealing material is formed by the process of injecting a body of hardenable fluidic 
30 sealing material into an annular region between the existing wellbore casing and 
the tubuUu- liner. In a preferred embodiment, the tubular liner overlaps with 
another existing wellbore casing. In a preferred embodiment, the tie-back liner 
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further includes a seal positioned in the overlap between the tubular liner and the 
other existing wellbore casing. In a preferred embodiment, tubular liner is 
supported by the overlap with the other existing wellbore casing. 

An apparatus for expanding a tubular member has been described that 
5 includes a support member, a mandrel, a tubular member, and a shoe. The 
support member includes a first fluid passage. The mandrel is coupled to the 
support member The mandrel includes a second fluid passage operably coupled 
to the first flmd passage, an interior portion, and an exterior portion. The interior 
portion of the mandrel is drillable. The tubular member is coiq)Ied to the mandrel. 

10 The shoe is coupled to the tubular member. The shoe includes a third fluid 
passage operably coupled to the second fluid passage, an interior portion, and an 
exterior portion. The interior portion of the shoe is drillable. Preferably, the 
interior portion of the mandrel includes a tubular member and a load bearing 
member. Preferably, the load bearing member comprises a drillable body. 

15 Preferably, the interior portion of the shoe includes a tubular member, and a load 
bearing member. Preferably, the load bearing member comprises a drillable body. 
Preferably, the exterior portion of the mandrel comprises an expansion cone. 
Preferably, the expansion cone is fiabricated from materials sdected from the group 
consisting of tool steel, titanium, and ceramic. Preferably, the expansion cone has 

20 a surface hardness ranging from about 58 to 62 Rockwell C. Preferably at least a 
portion of the apparatus is drillable. 

A wellhead has also been described that includes an outer casing and a 
plurality of substantially concentric and overlapping inner casings coupled to the 
outer casing. Each inner casing is supported by contact pressure between an outer 

25 surface ofthe inner casing and an inner surface dfthe outer casing. In a preferred 
embodiment, the outer casing has a yield strength ranging from about 40,000 to 
135,000 psi. In a preferred embodiment, the outer casing has a burst strength 
ranging ftx)m about 5,000 to 20,000 psi. In a preferred embodiment, the contact 
pressure between the inner casings and the outer casing ranges from about 500 to 

30 10,000 psi. In a preferred embodiment, one or more of the inner casings include 
one or more sealing members that contact with an inner surface of the outer 
casing. In a preferred embodiment, the sealing members are selected from the 
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group consisting of lead, rubber, Teflon, epoxy. and plastic. In a preferred 
embodiment, a Christmas tree is coupled to the outer casing. In a preferred 
embodiment, a drilling spool is coupled to the outer casing. In a preferred 
embodiment, at least one of the inner casings is a production casing. 

5 A wellhead has also been described that includes an outer casing at least 
partially positioned within a weUbore and a pluraUty of substantially concentric 
inner casings coupled to the interior surface of the outer casing by the process of 
expanding one or more of the inner casings into contact with at least a portion of 
the interior surface of the outer casing. In a preferred embodiment, the inner 

10 casings are expanded by extruding the inner casings off of a mandrel. In a 
preferred embodiment, the inner casings are expanded by the process of placing 
the inner casing and a mandrel within the weUborc; and pressurizing an interior 
portion ofthe inner casing. In a preferred embodiment, during the pressuriring, 
the interior portion of the inner casing is nuidicly isolated fiom an exterior portion 

15 ofthe Inner casing. In a preferred embodiment, the interior portion ofthe inner 
casing is pressurized at pressures ranging from about 600 to 9,000 psi. In a 
preferred embodiment, one or more seals are positioned in the interface between 
the inner casings and the outer casing. In a preferred embodiment, the inner 
casings are supported by their contact with the outer casing. 

20 A method of forming a wellhead has also been described that includes 
drillmga wellbore. An outer casing is positioned atleastpartially within an upper 
portion of the wellbore. A first tubuhir member is positioned within the outer 
casing. At least a portion of the first tubular member is expanded into contact 
with an interior surface of the outer casing. A second tubular member is 

25 positionedwithintheoutercasingandthefirsttubularmeniber.Atleastaportion 

ofthe second tubuhu- member is expanded into contact with an interior portion of 
the outer casing. In a preferred embodhnent, at least a portion ofthe interior of 
the first tubular member is pressurized. In a preferred embodiment, at least a 
portion of the interior of the second tubular member is pressurized. In a 
30 preferred embodiment, at least a portion of the interiors of the first and second 
tubular members are pressuriaed. In a preferred embodiment, the pressuriring 
of the portion of the interior region of the first tubular member is provided at 
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operating pressures ranging from about 500 to 9,000 psi. In a preferred 
embodiment, the pressurizing of the portion of the interior region of the second 
tubular member is provided at operating pressures ranging from about 500 to 
9.000 psi. In a preferred embodiment, the pressurizing of the portion of the 
5 interior region of the first and second tubular members is provided at operating 
pressures ranging from about 500 to 9,000 psi. In a preferred embodiment, the 
pressurizing of the portion of the interior region of the first tubular member is 
provided at reduced operating pressures during a latter portion of the expansion. 
In a preferred embodiment, the pressurizing of the portion of the interior region 
10 of the second tubular member is provided at reduced operating pressures during 
a latter portion of the eipansion. In a preferred embodiment, the pressurizing of 
the portion of the interior region of the first and second tubular members is 
provided at reduced operating pressures during a latter portion of the expansions. 
In a preferred embodunent, the contact between the first tubular member and the 
15 outer casing is sealed. In a preferred embodiment, the contact between the 
second tubular member and the outer casing is sealed. In a preferred embodiment, 
the contact between the first and second tubular members and the outer casing is 
sealed. In a preferred embodiment, the expanded first tubular member is 
supported using the contact with the outer casing. In a preferred embodiment, 
20 theexpandedsecondtubularmemberisBupporteduBingthecontactwiththeouter 
casing. In a preferred embodiment, the expanded first and second tubular 
members are supported uang their contacts with the outer casing. In a preferred 
embodiment, the first and second tubular members are extruded off of a mandrel. 
In a preferred embodiment, the surface of the mandrel is lubricated. In a 
25 preferred embodiment, shock is absorbed. In a preferred embodhnent, the 
mandrel is expanded in a radial direction. In a preferred embodiment, the first 
and second tubular members are positioned in an overlapping relationship. In a 
preferred embodiment, an interior region of the first tubular member is fluidicly 
isolated from an exterior region of the first tubular member. In a preferred 
30 embodiment, an interior region of the second tubular member is fluidicly isolated 
from an exterior region of the second tubular member. In a preferred 
embodiment, the interior region of the first tubular member is fluidicly isolated 



-227. 



1. .91.11 

from the region exterior to the firsttubular member by injectingone or moreplugs 
into the interior of the first tubular member. In a preferred embodiment, the 
interior region of the second tubular member is fluididy isolated firom the region 
exterior to the second tubular member by injecting one or more phigs into the 
5 interior of the second tubular member. In a preferred embodiment, the 
pressurizing of the portion of the interior region of the first tubular member is 
provided by injecting a fluidic material at operating pressures and flow rates 
rangingfromabout500to9.000psiand40to3,000gaUon8»ute. Inapreferred 

embodiment, the pressurixing of the portion of the interior region of the second 
10 tubularmemberisprovidedbyinjectingafluidicmaterialatoperatingpiessures 
and flowrates ranging from about 600 to9,OOOp8iand40to3.000g8ll6nflAninute. 
In a preferred embodiment, fluidic material is injected beyond the mandrel. In a 
preferred embodiment, a region of the tubular members beyond the mandrel is 
pressurized. In a preferred embodiment, the region of the tubular members 
15 beyond the mandrel is pressurized to pressures ranging from about 500 to 9,000 
psi. Inapreferred embodiment, the first tubular member comprisesaproduction 
casing. Inapreferredembodunent.thecontactbetweenthefirsttubularmember 
and the outer casing is sealed. In a preferred embodiment, the contact between 
the second tubular member and the outer casing is sealed. In a preferred 
20 embodiment, the expanded first tubular member is supported using the outer 
casing. In a preferred embodiment, the expanded second tubular member is 
supportedusingtheoutercasing. In a preferred embodiment, the integrity of the 
seal in thecontactbetweenthefirsttubular member and the outer casingiB tested. 
In a preferred embodiment, the integrity of the seal in the contact between the 
25 second tubular member and the outer casing is tested. In a preferred 
embodiment, the mandrd is cau^t upon the completion of the extruding. In a 
preferred embodiment, the mandrel is drilled out In a preferred embodiment, 
the mandrel is supported with ooQed tubing. In a preferred embodiment, the 
mandrel is coupled to a drillable shoe. 
30 An apparatus has also been described that includes an outer tubular 

member.andaplurality of substantially concentric and overlappinginner tubular 

members coupled to the outer tubular member. Each inner tubular member is 
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supported by contact pressure between an outer surface of the iimer casing and an 
inner surface of the outer inner tubular member. In a preferred embodiment, the 
outer tubular member has a yield strength ranging from about 40,000 to 135,000 
psi. In a preferred embodiment, the outer tubular member has a burst strength 
5 ranging from about 5,000 to 20,000 psi. In a preferred embodiment, the contact 
pressure between the inner tubular members and the outer tubular member 
ranges from about 600 to 10,000 psi. In a preferred embodiment, one or more of 
the inner tubular members include one or more sealing members that contact with 
an inner surface of the outer tubular member. In a preferred embodiment, the 
10 sealingmembers are selected from the group consisting of rubber, lead, plastic, and 
epoxy. 

An apparatus has also been described that includes an outer tubular 
member, and a plurality of substantially concentric inner tubular members coupled 
to the interior surface of the outer tubular member by the process of expanding 

15 one or more of the inner tubular members into contact with at least a portion of 
the interior surface of the outer tubular member. In a preferred embodiment, the 
inner tubular members are expanded by extruding the inner tubular members off 
of a mandrel. In a preferred embodiment, the inner tubular members are 
expanded by the process of: placing the inner tubular members and a mandrel 

20 within the outer tubular member; and pressurizing an interior portion of the iimer 
casing. In a preferred embodiment, during the pressurizing, the interior portion 
of the inner tubular member is fluidicly isolated from an exterior portion of the 
inner tubxilar member. In a preferred embodiment, the interior portion of the 
iimer tubular member is pressurized at pressures ranging from about 500 to 9,000 

25 psi. In a preferred embodiment, the apparatus further includes oxie or more seals 
positioned in the interface between the inner tubular members and the outer 
tubular member. In a preferred embodiment, the inner tubular members are 
supported by their contact with the outer tubular member. 

A wellbore casing has also been described that includes a first tubular 

30 member, and a second tubular member coupled to the first tubular member in an 
overlapping relationship. The inner diameter of the first tubular member is 
substantially equal to the inner diameter of the second tubular member. In a 
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preferred embodiment, the first tubular member includes a first thin waD section, 
wherein the second tubular member inchides a second thin wall section, and 
wherein the first thin waU section is coupled to the second thin wall section. In a 
preferred embodiment, first and second thin wall sections are deformed. In a 

5 preferred embodiment, the first tubular member includes a first compressible 
member coupled to the first thin wall section, and wherem the second tubular 
member inchides a second compressible member coupled to the second thin wall 
section. In a preferred embodnnent, the first thin wall section and the first 
compressible member are coupled to the second thin waU section and the second 

10 compressible member. In a preferred embodiment, the first and second thm wall 
sections and the first and second compressible members are deformed. 

A wellbore casing has also been described that includes a tubuhir member 
including at least one thin wall section and a thick waU section, and 
a compressible annuhu- member coupled to each thin wall section. In a preferred 

15 embodunent, the compressiT>le annular member is fabricated firom materials 
selected from the group consisting of rubber, plasUc, metal and epoiy. In a 
preferred embodiment, the wall thickness of the thin wall section ranges firom 
about 50 to 100 % of the wall thickness of the thick waU section. In a preferred 
embodunent. the length of the thin wall section ranges from about 120 to 2400 

20 inches. In a preferred embodiment, the compressible annular member is 
positioned along the thm wall section. In a preferred embodiment, the 
compressible annular member is positioned along the thin and thick wall sections. 
In a preferred embodiment, the tubular member is fabricated from materials 
selected from the group consistingofoilfieldcountiytubnhM-goods, stainless steel. 

26 low alloy steel, carbon steel, automotive grade steel, pUistics. fibergtoss, high 
strength and/or defoimabk materials. In a preferred embodiment, the weUbore 
casing includes a first thin waU at a first end of the casing, and a second thin wall 

at a second end of the casing. 

A method of creating a casing in a borehole located in a subterranean 
30 formationhasalsobeendescribedthatinchidessupportingatubuhu-Uneranda 
mandrel in theboreholeusingasupportmember. injecting fluidic material into the 
borehole.pressurizinganinteriorregionofthemandrel,displacingaportionoft^^ 
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mandrel relative to the support member, and radially expanding the tubular liner. 
In a preferred embodiment, the injecting includes injecting hardenable fluidic 
sealing material into an annular region located between the borehole and the 
exterior of the tubular liner, and injecting non hardenable fluidic material into an 
5 interior region of the mandrel. In a preferred embodiment, the method further 
includes fluidicly isolating the annular region from the interior region before 
injecting the non hardenable flmdic material into the interior region of the 
mandrel. In a preferred embodiment, the injecting of the hardenable fluidic 
sealing material is provided at operating pressures and flow rates ranging from 

10 about 0 to 5,000 psi and 0 to 1,500 gallona/min. In a preferred embodiment, the 
injecting of the non hardenable fluidic material is provided at opmiting pressures 
and flow rates ranging from about 600 to 9,000 psi and 40 to 3,000 gallons/min. 
In a preferred embodiment, the iiqedmg of the non hardenable fluidic material is 
provided at reduced operating pressures and flow rates during an end portion of 

15 the radial expansion. In a preferred embodiment, the fluidic material is iiyected 
into one or more pressure duonbers. In a preferred embodiment, the one or more 
pressure chambers are pressurized. In a preferred embodiment, the pressure 
chambers are pressurized to pressures ranging from about 500 to 9,000 psi. In a 
preferred embodiment, the method further includes fluidicly isolating an interior 

20 region of the mandrel from an exterior region of the mandrel. In a preferred 
embodiment, the interior region of the mandrel is isolated from the region exterior 
to the mandrel by inserting one or more plugs into the iiyected fluidic material. 
In a preferred embodiment, the method flirther includes curing at least a portion 
of the fluidic material, and removing at least a portion of the cured fluidic material 

25 located within the tubular liner. In a preferred eznbodiment, the method further 
includes overlapping the tubular liner with an existing wellbore casing. In a 
preferred embodiment, the method further includes sealing the overlap between 
the tubular liner and the costing wellbore casing. laa preferred embodiment, the 
method further includes supporting the extruded tubular liner using the overlap 

30 with the existing wellbore casing. In a preferred embodiment, the method further 
includtesting the integrity of the seal in the overlap between the tubular liner and 
the existing wellbore casing. In a preferred embodiment, the method further 
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includes removing at least a portion of the hardenable flmdic sealing material 
within the tubular liner before curing. In a preferred embodiment, the method 
further includes lubricating the surface of the mandrel. In a preferred 
embodiment, the method further inchides absorbing shock. In a preferred 

5 embodiment, the method further includes catching the mandrel upon the 
completion of the extruding. In a preferred embodiment, the method further 
includes drilling out the mandrel. In a preferred embodiment, the method ftoher 
includes supporting the mandrel with coUed tubing. In a preferred embodiment, 
the mandrel reciprocates. In a preferred embodiment, the mandrel is displaced in 

10 a first direction during the pressurization of the interior region of the mandrel, 
and the mandrel isdisplacedinasecond direction duringade-pressurizationofthe 

interior region of the mandrel. In a preferred embodiment, the tubular liner is 
maintained in a substantially stationary position during the preasurization of the 
interior region of the mandrel In a preferred embodiment, the tubular liner is 
15 supported by the mandrel during a de-pressurization of the interior region of the 
mandrel. 

A weUbore casing has also been described that inchidea a first tubular 
member having a first inside diameter, and a second tubular member having a 
second inside diameter substantially equal to the first inside diameter coupled to 

20 the first tubular member in an overlapping relationship. The first and second 
tubular members are coupled by the process of deforming a portion of the second 
tubular member into contact with a portion of the first tubular member. In a 
preferred embodiment, the second tubular member is deformed by the process of 
placing the first and second tubular members in an overlapping relation ship. 

25 radiaUy expanding at least a portion of the first tubular member, and radiaUy 

expanding the second tubular member. In a preferred embodiment, the second 
tubular member is radially expanded by the process of supporting the second 
tubular member and a mandrel within the weUbore using a support member, 
injectingafiuidic material into the wellbore,pressurizing an interior region of the 

30 mandrel, and displacing a portion of the mandrel relative to the support member. 
In a preferred embodiment, the injecting includes iiyecting hardenable fluidic 
sealmg material into an annular region located between the borehole and the 
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exterior of the second liner, and injecting non hardenable fluidic material into an 
interior region of the mandrel. In a preferred embodiment, the wellbore casing 
further includes fluidicly isolating the annular region from the interior region of 
the mandrel before injecting the non hardenable fluidic material into the interior 
5 region of the mandrel. In a preferred embodiment, the iiyecting of the hardenable 
fluidic seahng material is provided at operating pressures and flow rates ranging 
from about 0 to 5,000 pai and 0 to 1,500 gallons/min. In a preferred embodiment, 
the ii^jecting of the non hardenable fluidic material is provided at operating 
pressures and flow rates ranging from about 500 to 9,000 pd and 40 to 3,000 

10 gallons/min. In a preferred embodiment, the injecting of the non hardenable 
fliiidic material is provided at reduced operating pressures and flow rates during 
an end portion of the radial eipansion. In a preferred embodiment, the fluidic 
materia] is injected into one or more pressure chambers. In a preferred 
embodiment, one or more pressure chambers . are pressurized. In a preferred 

15 embodiment, the pressure chambers are pressurized to pressures ranging from 
about 500 to 9,000 psi. In a preferred embodiment, the wellbore casing further 
includes flmdicfy isolating an interior region of the mandrel from an exterior 
region of the mandrel. In a preferred embodiment, the interior region of the 
mandrel is isolated from the region exterior to the mandrel by inserting one or 

20 more plugs into the ii^ected fluidic material. In a preferred embodiment, the 
wellbore casing further includes curing at least a portion of the fluidic material, 
and removing at least a portion of the cured fluidic material located within the 
second tubular liner. In a preferred embodiment, the wellbore casing further 
includes sealing the overlap between the first and second tubular liners. In a 

25 preferred embodiment, the wellbore casing further includes supporting the second 
tubular liner using the overlap with the first tubular liner. In a preferred 
embodiment, the wellbore casing further includes testing the integrity of the seal 
in the overlap between the first and second tubular liners. In a preferred 
embodiment, the wellbore casing further includes removing at least a portion of 

30 the hardenable fluidic sealing material within the second tubtdar liner before 
curing. In a preferred embodiment, the wellbore casing further includes 
lubricating the surface of the mandrel. In a preferred embodiment, the wellbore 
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casingfurtber indudes absorbing shock. Inapreferred embodiment, the wel^^ 
casing further includes catching the mandrel upon the completion of the radial 
expansion. In a preferred embodiment, the weUboie casing further includes 
drillingout the mandrel. In a preferred embodiment, the wellbore casing further 

5 include supporting the mandrel with coOed tubing. In a preferred embodiment, 
the mandrel reciprocates. In a preferred embodiment, the mandrel is displaced in 
a first direction during the pressurization of the interior region of the mandrel; 
and wherein the mandrel is dispUiced in a second direction during a de- 
pressurization of the interior region of the mandrel. In a preferred embodiment. 

10 thesecondtubularlinerismaintainedinasubstantiaDystationarypositiondurm^ 

the pressurization of the interior region of the mandrel. In a preferred 

embodiment, the second tubular liner is supported by the mandrel during a de- 

pressurization of the interior region of the mandrel. 

An apparatusforcxpandingatubular member has alaobeen described that 

15 inchxdesasupportmemberinchidingafluidpa8sage,amandre!movablycoupled 

to the supportmemberinchidinganexpanBioncone.atleafltonepressure chamber 

defined by and positioned between the support member and mandrel fluididy 
coupled to the first fluid passage . and one or more releasable supports coupled to 
the support member adapted to support the tubular member. In a preferred 
20 embodiment, the fluid passage faidudes a throat passage having a reduced inner 
diameter. In a preferred embodiment, the mandrel indudea one or more annular 
pistons. Inapreferred embodiment, iheapparatusindudesapluralityofpressure 
diambere. Inapreferredembodiment,thepre8suredmmbereareatleastpartially 
defined by annular pistons. In a preferred embodiment, the releasable supports 
25 are positioned below the mandrel. In a preferred embodiment, the releasable 
supports are positioned above the mandrel In a preferred embodiment, the 
releasable supports comprise hydreuUc sUps. In a preferred embodiment, the 
releasable supports comprise medwnical sUps. In a preferred embodiment, the 
releasablesupportscomprisedragblodts. Inapreferred embodiment, the mandrel 
30 includes one or more annular pistons, and an e^sion cone coupled to the 
annular pistons. In a preferred embodiment, one or more of the annular pistons 
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include an expansion cone. In a preferred embodiment, the pressure chambers 
comprise annular pressure chambers. 

An apparatus has also been described that includes one or more solid 
tubular members, each solid tubular member including one or more external seals, 
5 one or more slotted tubular members coupled to the solid tubular members, and 
a shoe coupled to one of the slotted tubular members. In a preferred embodiment, 
the apparatus further includes one or more intermediate solid tubidar members 
coupled to and interleaved among the slotted tubular members, each intermediate 
solid tubular member including one or more external seals. In a preferred 

10 embodiment, the apparatus further includes one or more valve members. In a 
preferred embodiment, one or more of the intermediate solid tubular members 
include one or more valve members. 

A method of joining a second tubular member to a first tubular member, the 
first tubular member having an inner diameter greater than an outer diameter of 

15 the second tubular member, has also been described that includes positioning a 
mandrel within an interior region of the second tubular member, pressurizing a 
portion of the interior region of the mandrel, displacing the mandrel relative to the 
second tubular member, and extruding at least a portion of the second tubular 
member off of the mandrel into engagement with the first tubular member. In a 

20 preferred embodiment, the pressurizing of the portion of the interior region of the 
mandrel is provided at operating pressures ranging from about 500 to 9,000 psi. 
In a preferred embodiment, the pressurizing of the portion of the interior region 
of the mandrel is provided at reduced operating pressures during a latter portion 
of the extruding. In a preferred embodiment, the method further includes sealing 

25 the interface between the first and second tubular members. In a preferred 
embodiment, the method fiuther includes supporting the extruded second tubular 
member using the interface with the first tubular member. In a preferred 
embodiment, the method fiirther includes hibricating the surface of the mandrel. 
In a preferred embodiment, the method further includes absorbing shock. In a 

30 preferred embodiment, the method fiirther includes positioning the first and 
second tubular members in an overlapping relationship. In a preferred 
embodiment, the method fiirther includes fluididy isolating an interior region of 
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the mandrel an exterior region of the mandrel. In a preferred embodiment, the 
interior region of the mandrel is fluidicly isolated from the region exterior to the 
mandrel by iiyecting one or more phigs into the interior of the mandrel. In a 
preferred embodiment, the pressurizing of the portion of the interior region of the 

5 mandrel is provided by iiyecting a fhudic material at operating pressures and flow 
rates ranging from about 500 to 9,000 psi and 40 to 3.000 gallona/minute. In a 
preferred embodiment, the method further includes ii^ecting fluidic material 
beyond the mandrel. In a preferred embodiment, one or more pressure chambers 
defmed by the mandrel are pressurized. In a preferred embodiment, the pressure 

10 chambers are pressurized to pressures ranging from about 500 to 9,000 pd. Ina 
preferred embodiment, the first tubular member comprises an existing section of 
a weUbore. In a preferred embodiment, the method fiiither includes sealing the 
interi"ace between the first and second tubular members. In a preferred 
embodiment, the methodfiirther includes supportmgthe extruded second tubular 

15 memberusingthefirsttubularmember. In a preferred embodiment, the method 
further inchides testingthe integrity of the seal in the interface between the first 
tubular member and the second tubular member. In a preferred embodiment, the 
method further includes catehing the mandrel upon the completion of the 
extruding. In a preferred embodiment, the method fiirther includes drilling out 
20 the mandrel. In a preferred embodiment, the method further indude supporting 
the mandrel with coUed tubing. In a preferred embodiment, the method further 
indudescouplingthemandreltoadrillableshoe. In a preferred embodiment, the 
mandrel isdisplacedinthelongitudinaldirection. In a preferred embodiment, the 
mandrel is displaced in a first direction during the pressurization and in a second 
25 direction during a de-pressurization. 

An apparatus has also been described that indudes one or more primary 
solid tubulars, each primary solid tubular induding one or more external annular 
seals, n slotted tubuhirs coupled to the primary soUd tubulars. n-1 intermediate 
soKd tubulars coupled to and interleaved among the dotted tubulars. eadi 
30 intemediate solid tubular hiduding one or more external annular seals, and a 
shoe coupled to one of the slotted tubulars. 
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A method of isolating a first subterranean zone from a second subterranean 
zone in a wellbore has also been described that includes positioning one or more 
primary solid tubulara within the wellbore, the primary solid tubulars traversing 
the first subterranean zone, positioning one or more slotted tubxilars within the 
5 wellbore, the slotted tubulars traversing the second subterranean zone, fluidicly 
coupling the slotted tubtdars and the solid tubulars, and preventing the passage 
of fluids from the first subterranean zone to the second subterranean zone within 
the wellbore external to the solid and slotted tubulars. 

A method of extracting materials bom a producing subterranean zone in a 

10 wellbore, at least a portion of the wellbore including a casing, has also been 
described that includes positioning one or more primaiy solid tubulars within the 
wellbore, fluidicly coupling the primary solid tubulars with the casing, positioning 
one or more slotted tubulars within the wellbore, the slotted tubulars traversing 
the producing subterranean zone, fluidicly coupling the slotted tubulars with the 

15 solid tubiilars, fluidicly isolating the producing subterranean zone ftt)m at least 
one other subterranean zone within the wellbore, and fluidicly coupling at least 
one of the slotted tubulars from the producing subterranean zone. In a preferred 
embodiment, the method fiirther includes controllably fluidicly decouplingat least 
one of the slotted tubulars from at least one other of the slotted tubulars. 

20 A method of creating a casing in a borehole while also drilling the borehole 

also has been described that includes installing a tubular liner, a mandrel, and a 
drilling assembly m the borehole. A fluidic material is injected within the tubular 
liner, mandrel and drilling assembly. At least a portion of the tubular liner is 
radially expanded while the borehole is drilled using the drilling assembly. In a 

25 preferred embodiment, the injecting includes iiyecting the fluidic material within 
an expandible chamber. In a preferred embodiment, the injecting includes 
iiuecting hardenable fluidic sealing material into an annular region located 
between the borehole and the exterior of the tubular hner. In a preferred 
embodiment, the injecting of the hardenable fluidic sealing material is provided at 

30 operating pressures and flow rates rangingfix)m about 0 to 5,000 psi and 0 to 1,500 
gallons/min. In a preferred embodiment, the injecting of the fluidic material is 
provided at operatingpressures and flow rates ranging from about 500 to 9,000 psi 
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and 40 to 3,000 gaUons/min. In a preferred embodiment, the injecting of the 
fluidic material is provided at reduced operating pressures and flow rates during 
an end portion of the radial expansion. In a preferred embodiment, the method 
further includes curing at least a portion of the fluidic material; and removing at 
5 least a portion of the cured fluidic material located within the tubular Imer. In a 
preferred embodiment, the method ftirther includes overlapping the tubular liner 
withaneiistingwellborecasing. In a preferred embodiment, the method further 
inchides sealing the overlap between the tubular Imer and the existing weUbore 
casing. In a preferred embodiment, the method further includes supporting the 
10 extruded tubular liner using the overlap with the existing wellbore casing. In a 
preferredembodiment,themethodfurtherinclude8te8tingtheintegrityofthe8eal 
in the overlap between the tubular liner and the existing weUbore casing. In a 
preferred embodiment, the method further inchides lubricating the surface of the 
mandrel. In a preferred embodiment, the method further includes absorbing 
15 shock. In a preferred embodiment, the method further includes catchmg the 
mandrel upon thecompletionoftheertmding. In a preferred embodunent. the 
method further includes expanding the mandrel in a radial dhection. In a 
preferred embodiment, the method further inchides driUing out the mandrel. In 
apTeferredembodiment.tbemethodfurtherinchidessupportingthemandrelwith 

20 cofled tubing. In a preferred embodiment, the wall thickness of the tubular 
member is variable. In a preferred embodiment, the mandrel is coupled to a 

driUable shoe. 

An apparatus has also been described that inchides a support member, the 
support member including a first fluid passage; a mandrel coupled to the support 
25 member.themandrelincluding:asecondfluidpassagB-,atubular member coupled 

to the mandrel; andashoe coupled to the tubular liner.the shoe indudingathnrd 
fluidpassage;andadrillinga8semblycoupledto the shoe; wherein thefirst, second 
and third fluid passages and the drilling assembly are operably coupled. Ina 

preferred embodiment, the support member further inchides: a pressure rebef 
30 passage; andaflowcontrolvalve coupled to the first fluidpassage and thepressure 

relief passage. In a preferred embodiment, the support member further includes 
a shock absorber. In a preferred embodiment, the support member includes one 
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or more sealing members adapted to prevent foreign material from entering an 
interior region of the tubular member. In a preferred embodiment, the support 
member includes one or more stabilizers. In a preferred embodiment, the mandrel 
is expandable. In a preferred embodiment, the tubular member is fabricated irom 
5 materials selected from the group consisting of Oilfield Country Tubular Goods, 
automotive grade steel, plastic and chromi\im steel. In a preferred embodiment, 
the tubular member has inner and outer diameters ranging frt>m about 0.75 to 47 
inches and 1.05 to 48 inches, respectively. In a preferred embodiment, the tubular 
member has a plastic yield point ranging from about 40»000 to 135,000 psi. In a 

10 preferred embodiment, the tubular member includes one or more sealing members 
at an end portion. In a preferred embodiment, the tubular member includes one 
or more pressure reUef holes at an end portion. In a preferred embodiment, the 
tubular member includes a catching member at an end portion for stowing down 
movement of the mandrel. In a preferred embodiment, the support member 

15 comprises coiled tubing. In a preferred embodiment, at least a portion of the 
mandrel and shoe are drillable. In a preferred embodiment, the wall thickness of 
the tubular member in an area ad^jaoent to the mandrel is less than the wall 
thickness of the tubular member in an area that is not adjacent to the mandrel. 
In a preferred embodiment, the apparatus further includes an ezpandible chamber. 

20 In a preferred embodiment, the expendible chamber is approximately cylindrical. 
In a preferred embodiment, the expendible chamber is approximately annular. 

A method of forming an tmderground pipeline within an xmderground 
tunnel including at least a first tubular member and a second tubular member, the 
first tubular member having an inner diameter greater than an outer diameter of 

25 the second tubular member, has also been described that includes positioning the 
first tubular member within the tunnel; positioning the second tubular member 
within the tunnel in an overlapping relationship with the first tubular member; 
positioning a mandrel and a drilling assembly within an interior region of the 
second tubular member; iqjecting a fluidic material within the mandrel, drilling 

30 assembly and the second tubular member; extruding at least a portion of the 
second tubular member off of the mandrel into engagement with the first tubular 
member; and drilling the tunnel. In a preferred embodiment, the injecting of the 
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nuidic material is provided at operating pressures ranging from about 500 to 9,000 
psi. In a preferred embodiment, the iiyecting of the Huidic material is provided at 
reduced operating pressures during a latter portion of the extruding. In a 
preferred embodiment, the method further includes sealing the interface between 
5 the first and second tubular members. In a preferred embodiment, the method 
fiirther includes supporting the extruded second tubular member using the 
interface with the first tubular member. In a preferred embodiment, the method 
further includes lubricating the surface of the mandrel In a preferred 
embodhnent, the method further includes absorbing shock. In a preferred 
10 embodiment, the method further includes expanding the mandrel in a radial 
diiBCtion. In apreferred embodiment, the method further indudesealing the 
interface between the first and second tubular members. In a preferred 
embodiment, the method further includes supporting the extruded second tubular 
member using the first tubular member. In a preferred embodiment, the method 
15 further includes testing the integrity of the seal In the interface between the first 
tubular member and the second tubular member. In a preferred embodiment, the 
method further includes catching the mandrel upon the completion of the 
extruding. In a preferred embodiment, the method further includes drilling out 
themandrel. In a preferred embodiment, the method further inchides supporting 
20 the mandrel with coiled tubing. In a preferred embodiment, the method further 
includes couplingthe mandrel to a drillable shoe. In a preferred embodiment, the 
fiuidic material is iiqected into an expandible chamber. In a preferred 
embodiment, the expandftle chamber is substantially eylindrical. In a preferred 
embodiment, the expandible chamber is substantdaUy annuhu:. An apparatus 
25 has also been described that includes a weUbore. the weUbore formed by the 
process of drilling the wellbore; and a tubular liner positioned within the weUbore, 
the tubular liner formed by the process of extruding the tubular liner off of a 
mandrel while drilling the weUbore. In a preferred embodiment, the tubular liner 
is formed by the process of: placing the tubular liner and mandrel within the 
30 weIlbore;andpressurizinganinteriorporUonofthe tubular liner. Inapreferred 
embodiment, the interior portion of the tubular liner is pressurized at pressures 
ranging from about 500 to 9.000 psi. In a preferred embodiment, the tubular liner 
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is formed by the process of: placing the tubular liner and mandrel within the 
wellbore; and pressuriziag an interior portion of the mandrel. In a preferred 
embodiment, the interior portion of the mandrel is pressurized at pressures 
ranging from about 500 to 9,000 psi. In a preferred embodiment, the apparatus 
5 further includes an annular body of a cured fluidic material coupled to the tubular 
liner. In a preferred embodiment, the annular body of a cured iliudic sealing 
material is formed by the process of: izgecting a body of hardenable fluidic sealing 
material into an annular region external of the tubular liner. In a preferred 
embodiment, the tubular liner overlaps with an existing wellbore casing. In a 

10 preferred embodiment, the apparatus further includes a seal positioned in the 
overlap between the tubular liner and the existing wellbore casing. In a preferred 
embodiment, the tubular liner is supported by the overlap with the existing 
wellbore casing. In a preferred embodiment, the process of extruding the tubiilar 
liner includes the pressurizing of an expandible chamber. In a preferred 

15 embodiment, the expandible chamber is substantially cylindrical. In a preferred 
embodiment, the expandible chamber is substantially annular. 

A method of forming a wellbore casing in a wellbore has also been described 
that includes drilling out the wellbore while forming the wellbore casing. In a 
preferred embodiment, the forming includes: expanding a tubular member in the 

20 radial dilution. In a preferred embodiment, the expanding includes: displacing 
a mandrel relative to the tubular member. In a preferred embodiment, the 
displacing includes: expanding an expandible chamber. In a preferred 
embodiment, the expandible chamber comprises a cylindrical chamber. In a 
preferred embodiment, the expandible chamber comprises an annular chamber. 

25 Although illustrative embodiments of the invention have been shown and 
described, a wide range of modification, changes and substitution is contemplated 
in the foregoing disclosure. In some instances, some features of the present 
invention may be employed without a corresponding use of the other features. 
Accordingly, it is expropriate that the appended claims be construed broadly and 

30 in a manner consistent with the scope of the invention. 
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What is claimed is: 



Claims 



1 1. A method of creating a casing in a borehole located in a subterranean 

2 formation, comprising: 

3 installing a tubular liner and a mandrel in the borehole; 

4 injecting fluidic material into the borehole; 

5 pressurizing a portion of an interior region of the tubular liner; and 

6 radially expanding at least a portion of the liner in the borehole by 

7 extruding at least a portion of the liner o£f of the mandrel. 

1 2. A method of creating a casing in a borehole located in a section of a 

2 subterranean formation, the borehole having an aheady existing casing. 

3 comprising: 

4 drilling out a new section of the borehole adjacent to the already existing 

5 casing; 

6 placing a tubular liner and an expandable mandrel into the new section of 

7 the borehole; 

8 overlapping the tubular liner with the already existing casing; 

9 injecting a hardenable fluidic sealing material into an annular region 

10 between the tubular liner and the new section of the borehole; 

11 fluididyisolatingthe annularregionbetween the tubular liner and the new 

12 section of the borehole from an interior region of the tubular liner 

13 below the mandrel; 

14 injecting a non hardenable Ouidic material into the interior region of the 

15 tubxilar liner below the mandrel; 

16 extruding the tubular liner off of the expandable mandrel; 

17 sealing the overlap between the tubular liner and the ahrcady existing 

18 casing; 

19 supporting the tubular liner with the overlap with the ahready existing 

20 ca^^, 

21 removing the mandrel from the borehole; 
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22 testing the integrity of the seal of the overlap between the tubular liner and 

23 the already existing casing; 

24 removing at least a portion of the hardenable fluidic sealing material from 

25 the interior of the tubular liner; 

26 curing the remaining portions of the fluidic hardenable fluidic sealing 

27 material; and 

28 removing at least a portion of the cured fluidic hardenable sealing material 

29 within the tubular liner. 

1 3. An apparatus for expanding a tubular member, comprising: 

2 a support member, the support member including a first fluid passage; 

3 a mandrel coupled to the support member, the mandrel including: 

4 a second fluid passage; 

5 a tubular member coupled to the mandrel; and 

6 a shoe coupled to the tubular liner, the shoe including a third fluid passage; 

7 wherein the first, second and third fluid passages are operably coupled. 

14. An apparatus for expanding a tubular member, comprising: 

2 a support member, the support member including: 

3 a first fluid passage; 

4 a second fluid passage; and 

5 a flow control valve coupled to the first and second fluid passages; 

6 an expandable mandrel coupled to the support member, the expandable 

7 mandrel including a third fluid passage coupled to the first fluid 

8 passage; 

9 a tubular member coupled to the mandrel, the tubular member including 

10 one or more sealing elements; 

11 a shoe coupled to the tubular member, the shoe including: 

12 a fourth fluid passage coupled to the third fluid passage, the fourth 

13 fluid passage adapted to receive a stop member; and 

1* one or more exhaust passages coupled to the fourth fluid passage for 

15 injecting fluidic material outside of the shoe; and 
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16 at least one sealing member coupled to the support member, the sealing 

17 member adapted to prevent the entry of foreign material into an 
jg interior region of the tubular member. 

1 5. Amethodofjoiningafiecondtubularmembertoafirsttubularmember.the 

2 first tubular member having an inner diameter greater than an outer diameter of 

3 the second tubular member, comprising: 

4 positioning a mandrel within an interior region of the second tubular 

5 member; 

6 pressurizing a portion of the interior region of the second tubular member. 

7 and 

8 extruding at least a portion of the aecond tubular member off of the 

9 mandrel into engagement with the first tubular member. 

1 6. A tubular liner, compriBing: 

2 an annular member, the annular member including: 

3 one or more sealing members at an end portion of the annular 

4 member, and 

5 oheormorepresBurereliefpassagesatanendportionoftheannular 
5 member. 

1 7. A wellbore casing, comprising: 

2 a tubular liner, the tubular liner formed by the process of: 

3 extruding the tubular liner offofa mandrel; and 

4 an annular body of a cured fluidic sealing material coupled to the tubular 

5 liner. 

1 8. A tie-back liner for lining an existing wellbore casing, comprising: 

2 a tubular liner, the tubular liner formed by the process of: 

3 extrudingatleastaportionofthetubularlineroffofamandrel;anc 

4 an annular body of a cured fluidic seahng material coupled to the tubulai 

5 liner. 
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1 9. An apparatus for expanding a tubular member, comprising: 

2 a support member including a first fluid passage; 

3 a mandrel coupled to the support member, the mandrel including: 

4 a second fluid passage operably coupled to the first fluid passage; 

5 an interior portion; and 

6 an exterior portion; 

7 wherein the interior portion of the mandrel is drillable; 

8 an expandible tubtilar member coupled to the mandrel; and 

9 a shoe coupled to the tubular member, the shoe inchiding: 

10 a third fluid passage operably coupled to the second fluid passage; 

11 an interior portion; and 

12 an exterior portion ; 

13 wherein the interior portion of the shoe is drillable. 

1 10. A wellhead, comprising: 

2 an outer casing, and 

3 a plurality of substantially concentric and overlapping inner casings 

4 coupled to the outer casing; 

6 wherein each inner casing is supported by contact pressure between an 

6 outer surface of the inner casing and an inner surface of the outer 

7 casing. 

1 11. A wellhead, comprising: 

2 an outer casing at least partially positioned within a wellbore; and 

3 a plurality of substantially concentric inner casings coupled to the interior 

4 surface of the outer casing by the process of expanding one or more 

5 of the inner casings into contact with at least a portion of the interior 

6 surface of the outer casing. 

1 12. Amethodoffonninga wellhead, comprising: 

2 drilling a wellbore; 
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3 positioning an outer casing at least partially within an upper porUon of the 

4 wellbore; 

5 positioning a first tubular member within the outer casing; 

6 expanding at least a portion of the first tubular member into contact with 

7 an interior surface of the outer casing; 

8 positioning a second tubular member within the outer casing and the first 

9 tubular member; and 

1 0 expanding at least a portion of the second tubular member into contact with 

11 an interior portion of the outer casing. 

1 13. An apparatus, comprising: 

2 an outer tubular member; and 

3 a pluraUty of substantially concentric and overlapping inner tubular 

4 members coupled to the outer tubular member; 

5 wherein each inner tubular member is supported by contact pressure 

6 between an outer surface of the inner casing and an inner surface of 

7 the outer inner tubular member. 

1 14. An apparatus, comprising: 

2 an outer tubular member; and 

3 a pluraUty of substantiaUy concentric inner tubular members coupled to the 

4 interior surface of the outer tubular member by the process of 

5 expanding one or more of the inner tubular members into contact 

6 with at least a portion of the interior surface of the outer tubular 

7 member. 

1 15. A wellbore casing, comprising: 

2 a first tubular member; and 

3 a second tubular member coupled to the first tubular member in an 

4 overlapping relationship; 

5 wherein the inner diameter of the first tubular member is substantiaUy 

6 equal to the inner diameter of the second tubular member. 
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1 16. A wellbore casing, comprising: 

2 a tubular member including at least one thin wall section and a thick wall 

3 section; and 

4 a compressible annular member coupled to each thin wall section. 

1 17. A method of creating a casing in a borehole located in a subterranean 

2 formation, comprising: 

3 supporting a tubular liner and a mandrel in the borehole using a support 

4 member; 

5 ii\jecting fluidic material into the borehole; 

6 pressurizing an interior region of the mandrel; 

7 displacing a portion of the mandrel relative to the support member; and 

8 radially expanding the tubular liner. 

1 18. A wellbore casing, comprising: 

2 a first tubular member having a first inside diameter; and 

3 a second tubular member having a second inside diameter substantially 

4 equal to the first inside diameter coupled to the first tubular member 

5 in an overlapping relationship; 

6 wherein the first and second tubular members are coupled by the process 

7 of deforming a portion of the second tubular member into contact 

8 with a portion of the first tubular member. 

1 19/ An apparatus for expanding a tubular member, comprising: 

2 a support member including a fluid passage; 

3 a mandrel movably coupled to the support member including an expansion 

4 cone; 

5 at least one pressure chamber defined by and positioned between the 

6 support member and mandrel fluidicly coupled to the first fluid 

7 passage; and 
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8 one or more releasable supports coupled to the support member adapted to 



9 support the tubular member. 

1 20. An apparatus, comprising: 

2 one or more solid tubular members, each solid tubular member including 

3 one or more external seals; 

4 one or more slotted tubular members coupled to the solid tubular members; 

5 and 

6 a shoe coupled to one of the slotted tubular members. 



1 21. Amethodofjoiningasecondtubularmembertoafirsttubularmember.the 

2 first tubular member having an inner diameter greater than an outer diameter of 

3 the second tubular member, comprising: 

4 positioning a mandrel within an interior region of the second tubular 

5 member; 

6 pressurizing a portion of the interior region of the mandrel; 

7 displacing the mandrel relative to the second tubular member; and 

8 extruding at least a portion of the second tubular member off of the 

9 mandrel into engagement with the first tubular member. 

1 22. An apparatus, comprising: 



2 one or more primary soUd tubulars, each primary soUd tubular including 

3 one or more external annular seals; 

4 n slotted tubulars coupled to the primary solid tubulars; 

5 n-1 intermediate solid tubular^ coupled to and interleaved among the 

6 slotted tubulars, each intermediate solid tubular including one or 

7 more external annular seals; and 

8 a shoe coupled to one of the slotted tubulars. 



1 23. A method of isolatinga first subterranean zone from a second subterranean 

2 zone in a wellbore, comprising: 
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3 positioning one or more primazy solid tubulars within the wellbore, the 

4 primary solid tubulars traversing the first subterranean zone; 

5 positioning one or more slotted tubulars within the wellborn, the slotted 

6 tubulars traversing the second subterranean zone; 

7 fluididy coupling the slotted tubulars and the solid tubulars; and 

8 preventing the passage of fluids from the first subterranean zone to the 

9 second subterranean zone within the wellbore external to the solid 
10 and slotted tubulars. 

1 24. A method of extracting materials from a producing subterranean zone in a 

2 weUbore, at least a portion of the wellbore including a casing, comprising; 

3 positioning one or more primary solid tubulars within the wellbore; 

4 fluidicly coupling the primary solid tubulars with the casing; 

5 positioning one or more slotted tubulars within the wdlbore, the slotted 

6 tubulars traversing the producing subterranean zone; 

7 flxiidicly coupling the slotted tubulars with the solid tubulars; 

8 fluidicly isolating the producing subterranean zone from at least one other 

9 subterranean zone within the wellbore; and 

10 fluidicly coupling at least one of the slotted tubulars ftx>m the producing 

1 1 subterranean zone. 

1 25. A method ofcreating a casing in a borehole while also drilling the borehole, 

2 comprising: 

3 installing a tubular liner, a mandrel, and a drilling assembly in the 

4 borehole; 

5 injecting fluidic material within the tubular liner, mandrel and drilling 

6 assembly; 

7 radially expanding at least a portion of the tubular liner; and 

8 drilling the borehole using the drilling assembly. 

1 26. An apparatus, comprising: 

2 a support member, the support member including a first fluid passage; 
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3 a mandrel coupled to the support member, the mandrel including: 

4 a second fltiid passage; 

5 a tubular member coupled to the mandrel; and 

6 a shoe coupled to the tubular liner, the shoe including a third Huid passage; 

7 and 

8 a drilling assembly coupled to the shoe; 

9 wheremthefirst,8econdandthirdfluidpassagesandthedrimngassembly 

10 are operably coupled. 

1 27. A method of forming an underground pipeline within an underground 

2 tunnelindudingatleastafirsttubularmemberandasecondtubularmember.the 

3 firsttubularmemberhavinganinnerdiametergreaterthananouterdiameterof 

4 the second tubular member, comprising: 

5 positioning the first tubular member within the tunnel; 

6 positioning the second tubular member within the tunnel in an overlapping 

7 relationship with the first tubular member; 

8 positionmg a mandrel and a drilling assembly within an interior region of 

9 the second tubular member; 

10 injecting a fluidic material within the mandrel, drilling assembly and the 

11 second tubular member; 

12 extruding at least a portion of the second tubular member off of the 

13 mandrel into engagement with the first tubular member; and 

14 drilling the tunnel. 

1 28. An apparatus, comprising: 

2 awe]Ibore.thewellboreformedby theproccssofdrillingthewellbore; and 

3 a tubular liner positioned within the wellbore. the tubular liner formed by 

4 the process of extruding the tubular liner off of a mandrel while 

5 drilling the wellbore. 

1 29. A method of forming a weUbore casing in a wellbore, comprising: 

2 drilling out the weUbore while forming the wellbore casing. 
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